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CHEMISTRY AND BroLocy 

Much of the outstanding research work of the year 1935 in the gen- 
eral field of chemical, bio-chemical, and biological theories of sewage 
disposal has dealt with the details of the mechanisms and reactions in- 
volved. The progress reported along various lines gives promise of 
settling controversial and poorly understood details of fundamental 
theory and points the way toward the substitution of the results of 
exact, even though difficult, experimental investigation for general 
hypotheses and analogies upon which reliance has been placed in the 
past. 
Clarification and Oxidation.—Outstanding in this field is the work of 
Theriault and associates (1, 2, 3, 4) leading to the proposal that acti- 
vated sludge, bacterial slimes and the schmutzdecke of the slow sand 
filter in water purification are all of zeolitic composition and nature 
and that their primary function in each case is adsorption of basic 
organic material through the well known process of base exchange. 

Theriault defines clarification, as distinguished from all the other 
processes of purification and of oxidation, as that process which char- 
acterizes biological treatments in general, but particularly activated 
sludge treatment, whereby the supernatant liquor is apparently puri- 
fied to a high degree within a relatively short space of time, usually 
reckoned in minutes. Such a rapid rate of purification is incompatible 
with our experimental knowledge of rates of biological oxidation and 
upon investigation is always found to be the result of a separation of 
the dissolved and suspended impurities from the liquor rather than a 
true oxidation process. 

Reviewing the various ‘‘explanations’’ of clarification, Theriault 
examines and rejects on adequate evidence the theories of electrostati- 
rally charged colloids, of surface attraction, of bio-precipitation, of 
enzymatie precipitation or solution, and of the primary influence of 
protozoa as clarifying agencies. He accepts, as most nearly adequate 
of the various earlier views, that of Dunbar in which adsorption by the 
bacterial slime plays a primary role. He holds it essential that atten- 
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tion be focused upon the nature of the slime or floe with the purpose of 
more definitely defining the mechanism of the adsorption. 

Results of existent analyses of the activated sludge floc and of va- 
rious slimes suggest that the inorganic portion of the gelatinous matrix 
has a chemical composition which would include it within the category 
of a zeolite, z.e. a hydrated double silicate of a monobasic and a tribasic 
metal. More refined analyses made by Theriault on the activated 
sludge floc carefully freed from extraneous matter by long time ‘‘puri- 
fication,’’ corrected for the chemical content of the ash of the embedded 
bacteria, tended strongly to confirm Theriault’s hypothesis of the 
zeolitic nature of the matrix. 

In addition to possessing the proper chemical composition, the 
zeolite theory demands that the activity of the matrix shall simulate 
that of the known zeolites. To test this analogy, Theriault and 
McNamee (3) investigated the data of Parsons and Wilson on equi- 
libria between activated sludge and various concentrations of organic 
matter in the liquor, with the help of the theoretical formula of 
Freundlich for equilibria in such systems. <A satisfactory agreement 
was obtained through a range of concentrations. Even more satis- 
factory was the agreement obtained by using a preparation of acti- 
vated sludge which had been dried at 100° C. and brought to equi- 
librium in solutions of various concentrations of ammonia. Perhaps 
the most conclusive point was the demonstration that this dried ma- 
terial, after having come to equilibrium in ammonia solution, could be 
regenerated by the use of a dilute solution of sodium chloride. Base 
exchange between the sodium and calcium was also demonstrated. 
The author concludes that ‘‘The clarification of a sewage is accom- 
plished by the adsorption of organic matters on the sludge zeolite, 
without accompanying oxidation or bacterial intervention. The time 
required for reaching an equilibrium with the organic matters of sew- 
age is about 30 minutes, after which further adsorption will depend 
upon the rate of bacterial action.’’ 

Turning next to the oxidation phase of purification, several reports 
have appeared of more than usual interest. In a laboratory study of 
biological oxidation of effluents from beet sugar factories Richards and 
Cutler (5) find that the rate of oxidation of carbohydrates in solution 
is influenced by the amount of available nitrogen. 

Holderby and Lea (6) have dealt with this same point in more detail 
and have arrived at a general conclusion that in so far as the oxidation 
of sugars is concerned the rate of oxidation is critically dependent upon 
the ratio of total organic nitrogen to total organic carbon. Their re- 
sults are remarkably in line with similar results reached by Eldridge 
(7) although the latter attributed the effect noted to an increase in 
bacterial seeding. Holderby and Lea used sterile sewage and uniform 
seedings throughout. Unfortunately their experiment was not planned 
to distinguish between the two variables, the nitrogen-carbon ratio and 
sugar concentration. A critical study of their data suggests that pos- 
sibly it is the latter variable that is more largely responsible. 
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The phosphorus requirements of trickling filters have been investi- 
gated on a laboratory seale by Jenkins (8) using glass tubes containing 
elass beads. The experiments demonstrated an influenee of phos- 
phorus on the rate of oxidation of carbohydrates and other organic 
matter present in the press water of a sugar factory. Phosphorus in 
the form of K.HPO, was more available for biological activities than 
the organic phosphorus compounds present in the waste. [Excess of 
phosphate passed through the filters unchanged. Increasing the phos- 
phate content caused an increase in acidity, due to the removal of am- 
monia and the liberation of free HCl. 

Further experiments made at the Rothamsted Experimental Sta- 
tion (9) on mixtures containing 1 per cent by volume of milk, applied 
at a rate of 100 gallons per day per cubic yard of filtering materials, 
showed that active biological film was rapidly formed during the first 
few days and at the same time the efficiencies of the filters increased. 
After the filters had been in operation for about two weeks they effected 
a 0-day B.O.D. reduction of 80 to 90 per cent. 

The effect of activated sludge on the oxidation of sugars, fats, fatty 
acids, amino acids, proteins and phenols was studied under the direction 
of Topley (9) in the Barcroft apparatus at 24° C. Many of the sugars, 
such as fructose and maltose, were oxidized more rapidly than glucose 
and others oxidized less rapidly, but activated sludge promoted the 
oxidation of all the substances examined. Phenol in concentrations of 
0.1 per cent inhibited oxidation, but in smaller concentrations it was 
readily oxidized. 

Among the minor agencies affecting bacterial oxidation, favorably 
or otherwise, the concentration of iron salts injurious to trickling filters 
has been investigated by Singleton and Frith (10). Adding 300 Ib. 
of chlorinated copperas per mill. gal. to the influent of a trickling filter 
caused a rapid disappearance of the film, while the effluent increased to 
a B.O.D. of about 125, accompanied by high turbidity and colloidal iron 
color. The damage is not ascribed to excess chlorine since no residual 
was present. After stopping and applying untreated Imhoff tank 
effluent for two days a good film was forming, with a drop in turbidity 
{o normal. The rapid action was probably due to the acidic nature of 
the iron salt. 

Theriault, Butterfield and McNamee (11) studying catalysis of air 
oxidations by iron salts, phosphates and pyrophosphates found nega- 
tive results in the range of temperatures from 20 to 50° C. and at pH 
values within the physiological range, whenever bacteria were excluded 
from the glucose solution used. Iron pyrophosphate mixtures were not 
effective in stimulating the oxidations accomplished by bacteria alone 
or by symbiotie growths of bacteria and plankton. Numerous varieties 
of bacteria exist which are quite indifferent to the presence of iron 
pyrophosphates. The authors expressed the view that assumptions 
regarding the presence of specialized intracellular catalysts may be 
unnecessary in the interpretation of the known facts regarding biologi- 
cal oxidations. 
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Experiments conducted by Key (12) concerning the effect of gas- 
house liquors on trickling filters showed that the presence of phenol was 
of minor importance, as far as oxygen absorption was concerned, if the 
waste was mixed with sewage. Thiocyanite passed through the filter 
unchanged at first but the filter soon acquired the power to deal with it 
and after a week’s operation it was absent from the effluent. Either 
a special type of organism developed capable of oxidizing thiocyanite, 
or a gradual change was taking place in the organisms present enabling 
them to cope with the material. 

Digestion Segregated, finely divided solids digest more rapidly 
than coarse material, but Fair and Moore (13) found that when sewage 
solids are mechanically disintegrated the difference between normal 
and comminuted sewage solids is small as measured by the rate and 
completeness of gas production. They call attention to the compacting 
of comminuted solids and suggest that agitation during digestion may 
utilize the surfaces created by disintegration and vield more significant 
differences than those so far observed. 

High and low temperature digestion continues to interest engineers 
and operators. Granqvist (14) reporting results of one year’s opera- 
tion and experimentation in Helsingfors, Finland, states that heating 
sludge to 110° F. produced twice as much gas per eubie content as 
heating to 75 to 80° F. The extra cost of heating was such that, in 
practice, the economic advantage was lost. The experiments are of 
particular interest because the tanks were insulated at the bottom and 
sides with cork. . 

Rudolfs and Miles (15) were unable to produce thermophilic sludge 
from digesting mesophilic sludge on a semi-plant scale, while fresh 
solids were added daily. Operation difficulties, seum formation, ob- 
jectionable odors and little gas production resulted. When fresh meso- 
philic sludge was subjected to higher temperatures and allowed to 
digest before fresh solids additions were made, Cleary (16) found that 
high temperature digestion proceeded rapidly. His studies suggest the 
advantages of consecutive (two-stage) digestion, using a primary 
period of thermophilic and a secondary of mesophilic decomposition. 
Consecutive digestion required twelve days, with a greater destruction 
of organic matter and subsequent acceleration of gas production, than 
single-stage digestion. Correlation between reduction in volatile mat- 
ter and time of digestion is illustrated. 

Studies by Ardern and Lockett (17) at different temperatures led 
to the conclusion that digestion of activated sludge alone was not at- 
tractive at high or low temperature, mainly on account of low gas yields 
but also because of difficulties in maintaining proper pH values. The 
material should be mixed with fresh solids. Proper seeding is one of 
the essential requirements. Young and Philips (18) found that the 
same quantities of gas were produced at 84° F. as at 94° F. so that it 
was questionable whether the higher temperature was of advantage. 
At the higher temperature a gradual change in bacterial flora may be 
obtained without affecting adversely thermophilic conditions. 
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The question of the value of stirring the contents of digestion tanks 
has not been settled. Proponents of rapid stirring claim considerable 
advantages. Granqvist (14) using paddles and a Pruss pump in dif- 
ferent tanks coneludes that stirring mechanisms in tanks heated to 
75 to 80° F. has no economie value. 

In connection with studies on the effect of milk waste on the acti- 
vated sludge process Eldridge, Mallmann and Robinson (29) deter- 
mined the utilization of carbohydrates and proteins by the organisms 
present. 'They found that lactose was rapidly acted upon, but when 
added alone, it caused a decrease in sludge solids and a bulking condi- 
tion of the sludge. The sludge organisms acting on carbohydrates 
remained active for several days. The first stage of protein utilization 
was attended by ammonia and nitrate production, with some loss of N 
during the process. Protein treatment increased the density and 
weight of the sludge, while fat caused bulking. 

The possibility of stimulating the gross activities of the organisms 
present in activated sludge, and especially those which are assumed to 
he of greatest importance, without exactly knowing what they are and 
how they behave, is rather alluring. The effect of iron and aluminum 
on the activated sludge process has been variously described by a 
number of investigators who have advanced various theoretical con- 
siderations. 

Nesmejanoff (30) conducted a series of laboratory experiments with 
iron and aluminum salts. He concluded that addition of iron, com- 
hined with strong electrolytic acids, in quantities of 8.7 p.p.m. and 
ereater, was definitely retarding, probably caused by hydrolysis of the 
iron, thus producing a change in the hydrogen-ion concentration. 
When the iron is combined with weak acid ions the iron salts are neither 
detrimental nor stimulating. The same holds for aluminum salts. He 
doubts that iron salts have any real effect. It is possible that the 
findings of this investigator are due to the fact that comparatively large 
quantities of salts were used. Sartorius (21) working with 5-liter 
aboratory tanks and aerating with paddles, found that floc formation 
and purification were disturbed by moderate quantities of salts (NaCl, 
NaSO,, ete.) and the different cations acted differently. Much im- 
provement followed the application of iron salts, even in very small 
quantities, and the addition of phenol brought about some improvement. 
(hlorphenol was very detrimental. In all cases large doses were detri- 
mental. 

Knechtges, Dawson and Nichols (19) report that mixing of packing- 
house solids with domestic sewage sludges in no way hinders the diges- 
tion, up to 50 per cent packinghouse sludge by volume. The lipids 
digest to gas more completely than the bulk of total solids. The curious 
fact that in some unseeded mixtures no drop in pH occurred is not ex- 
plained by the authors. 

Studies dealing with specific bacteria and with nitrification in soils 
have been reported, but isolations of nitrifying organisms from acti- 
vated sludge have not frequently been made. Miss Winograsky (20) 
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has isolated several organisms belonging to two general groups; 
nitrosobacteria and nitrobacteria, which are briefly described. In 
the first group one free form, Nitrosomonas, and four colony forming 
organisms remained constant for two years. Three of the colony 
forming organisms, Nitrosogloea merismoides, N. schizobacteroides, N. 
membranacea, are zoogleal forms, while the fourth isolated, Nitrociptis, 
occurs frequently in arable soils. The two nitrobacteria isolated were 
vegetative colony forming organisms. It is of interest that the inten- 
sity of oxidation activities of these different organisms was enhanced 
by iron when the dosage could be assimilated. Sartorius (21) inocu- 
lated activated sludge with a number of organisms and observed that 
inoculation with root bacilli, similar to that used to stimulate the 
growth of legumes, stimulated oxidation. B. fluorescens and B. proteus 
were more effective, while B. coli and B. pyocyanus had the least effect. 

Butterfield (22) correlated the presence of large zoogleal masses 
in activated sludge with the efficiency of the process. Following this 
he isolated, studied the properties and identified these masses as 
Zooglea ramigera. His technique and procedure are interesting. 
After attempting to grow the organism on solid media (agar and 
gelatin), and later in broth without success, he purified clumps of 
zoogleal masses by washing with sterile nutrient broth diluted with 
90 per cent water. This freed the zoogleal masses from extraneous 
matter and contaminating bacteria. These purified masses were than 
again planted on standard agar plates, and in lactose broth. No 
growth appeared on the plates while excellent results were obtained 
in the lactose broth tubes. The cultural characteristies of the isolated 
organism were determined (23). The main points of interest were 
optimum pH for growth 7.0 to 7.4, optimum temperature 28 to 30° C. 
and strictly aerobic requirements. 

After isolation, pure cultures in a synthetic medium of broth and 
dilution water produced a good floc under moderate aeration, but under 
normal aeration the floc tended to break up and disperse. This indi- 
‘ated the need of a ‘‘framework’’ for the floc. Very short cotton and 
asbestos fibers were tried and it was found that the floe adhered ten- 
aciously to the cotton but not to the asbestos. By successive aeration, 
settling and decanting a sludge was produced of about 2000 p.p.m. sus- 
pended matter. Experiments then showed that this floc, with aeration, 
would remove from 66 to 76 per cent of the oxidizable organic matter 
of the synthetic medium. Using the same synthetic medium, the cot- 
ton fibers and none of the zoogleal organisms, the oxygen demand was 
reduced only about 5 per cent. Further tests were made in which the 
synthetic medium was replaced with sterile domestic sewage. Floc 
formation again took place with oxygen demand reduction of from 64 
to 76 per cent. 

Experiments using the zoogleal bacteria and the ciliated protozoon 
Colpidium, demonstrated that this organism exerted only a very slight 
effect on the quantity of oxidizable material removed, although the 
liquid was much clearer. This appears to agree with the findings of 
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Ardern and Lockett, that protozoa are not important in purification by 
activated sludge although they may aid in the production of a more 
highly clarified effluent (24). Although the oxidizable material in 
sewage was reduced by zoogleal bacteria, tests indicated that there was 
no oxidation of nitrogen compounds to nitrite or nitrate. 

Dienert (25) states that the clarification of sewage is the result 
of the coagulation of colloidal material by various bacteria which 
fix themselves on certain particles such as cellulose, or on glass when 
in the absence of other materials. Oxygen is indispensable for these 
coagulating bacteria, and contact with CO, reduces their coagulating 
power. The author has obtained several kinds of coagulating bacteria 
from activated sludge, which could not be isolated by growth on gelatine 
or agar. On cultivation and breaking up of clumps in distilled water 
the suspension was slightly electropositive, but the same culture grown 
in peptone broth was electronegative. When the culture was in con- 
tact with glass, the positive charge of the bacterial membrane was 
neutralized, but when detached the culture regained its positive charge. 
The coagulating bacteria develop on the surface of the coagulated 
particles, and are found in activated sludge and in slow sand filters. 

Aeration—The relative rates of solution of atmospheric oxygen 
from surface contact and from air bubbles are of practical importance, 
especially in the activated sludge process. Scouller and Watson (26) 
and Seouller and Nixon (27) bubbled known volumes of air through 
deaerated distilled water in an hourglass-shaped glass vessel. They 
found that the top portion of water always contained a greater per- 
centage of oxygen than the bottom. The authors conclude that the 
oxygen absorbed per unit of bubble surface per 24 hr. was three times 
that absorbed through the same area of exposed water surface. The 
conclusion that oxygen requirements of activated sludge plants were so 
large that they could not be satisfied by surface aeration was questioned 
in the discussion of this paper. 

It is difficult to estimate dissolved oxygen in an aeration plant when 
quantities of activated sludge are present, because of the oxygen de- 
mand of the sludge liquid. Watson (28), experimenting on a plant 
seale, concluded that the rate of absorption of oxygen by activated 
sludge depends upon the liquid undergoing purification. The stronger 
and more colloidal the sewage the greater is the energy required to dis- 
solve a given quantity of oxygen in the liquid by mechanical aeration. 
He suggests, therefore, that treatment in a series of tanks would prob- 
ably be a distinct advantage, with aeration intensified at the commence- 
ment of the purification. 

Kixperiments on the effect of the presence of activated sludge on 
the rate of oxidation by air have been continued in this country and 
abroad. Earlier English experiments had indicated that the rate of 
oxidation of a mixture of crude sewage and activated sludge is much 
greater than the sum of the rates for the constituents treated sepa- 
rately. This conclusion has been confirmed by the Water Pollution 
Research Board (9) who report that the rate of oxidation of a mixture 
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of activated sludge and treated effluent is greater than the sum of the 
rates for the sludge and effluent aerated separately. When activated 
sludge was mixed, without aeration, with several hundred times its 
volume of crude sewage and then separated by centrifuging, the activ- 
ity of the sludge in promoting oxidation of sewage was greatly reduced. 
Aeration for several hours was necessary to restore the activity of the 
sludge. 

Granqvist (14), at Helsingfors, compared four different methods of 
aeration in different tanks receiving the same sewage. He found that 
the detention time and air consumption depended in large measure 
upon the type of sewage. In one tank reaeration was continuous, in 
one tank partial and in two tanks no reaeration was given. The author 
could find no advantage in reaeration. Aeration time averaged from 
6.7 to 12.8 hours, while air consumption averaged roughly from 1 to 2 
cu. ft. per gallon of sewage. B.O.D. of raw sewage averaged 405 p.p.m. 
and the effluent from the settling tanks, which was treated in the aera- 
tion tanks, 264 p.p.m. It is possible that the comparatively large vol- 
ume of air used in conjunction with relatively long aeration time made 
it unnecessary to reaerate the sludge mixtures. 

Methods of Analysis —Gradually the methods of analysis employed 
in sewage treatment and research are being improved. This year the 
Committee of the Sewage Works Federation on Sewage Analyses has 
presented a revision of the Standard Methods (31), written primarily 
for the use of chemists and not with the idea that the procedure would 
be sufficiently detailed for use by the untrained man. The presenta- 
tion, including many of the important analyses for plant control and 
research, is a step in advance over the old Standard Methods. 

The determination of suspended solids in sewage by observing the 
extent of light absorption as registered in a photoelectric cell has been 
reported upon by Holmes (32). He finds a nearly theoretical relation- 
ship between suspended solids and absorption which is more nearly 
perfect as the degree of comminution of the solids is increased. Set- 
ter (33) has developed a useful method of determining suspended solids 
in activated sludge. Using a high speed centrifuge under standard 
operating conditions he has been able to work out a satisfactory 
straight-line relation between suspended solids in p.p.m. (a) and volume 
of sediment in per cent (y), as follows. 

a — 600y —150 


Kessler and Nichols (34) call attention to Nordell’s experiments 
at Milwaukee in 1917, and have prepared an excellent paper on the 
oxygen utilization of activated sludge. On account of Nordell’s early 
work they have applied the term ‘‘ Nordell Number ’’ to the rate of 
oxygen utilization expressed in mg. per liter per hour. 

While the study of sewage-sludge mixtures involves the ordinary 
determination of dissolved oxygen, the introduction of copper sulphate 
to stop the biological action at a certain time and cause rapid settlement 
of the sludge is of importance. By determining the Nordell number 
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of a sewage-sludge mixture and plotting a curve, Nordell was able to 
devise a formula, from which the condition of the mixture could be 
caleulated for any interval of time and also the time necessary for 
complete treatment. Computed and determined Nordell numbers at a 
number of plants show close agreement. 

Nordell’s experiences led him to the invention of the ‘‘Odeeometer”’ 
(35), a mechanical device for the direct measurement of oxygen ab- 
sorption rates. With this device a large sample of four liters of the 
sewage to be tested is placed in a drum connected to an air chamber. 
‘The sewage is stirred and mixed with air by means of a paddle wheel 
driven by an electric motor, and the direct rate of reduction in air vol- 
ume is measured. A tank containing caustic soda solution absorbs the 
CO. liberted. The use of Kessler and Nichol’s technique and the 
Odeeometer should open up quite a field for the study of plant behavior. 

The method is of interest in connection with the studies made on 
oxygen absorption by Parsons, Kessener, Scouller, and others. Burtle 
and Buswell (36) using the Nordell apparatus in a comparative study 
of permanganate oxygen demand, B.O.D. and direct oxygen absorption, 
believe that the method has advantages in the determination of B.O.D. 
over the dilution method, and appears to be less artificial than Sierp’s 
direct oxidation method. They also show, as similar comparisons have 
always shown, that there is no fixed relation of even approximate use- 
fulness between the permanganate oxygen consumed value and the 
}.O.D. of various types of waste or even of different sewages. 

A rapid colorimetric method for the determination of dissolved 
oxygen, Which can be used in the field, was developed by Isaaes (387). 
This simple colorimetric method employs amidol and potassium citrate, 
is carried out in test tubes and comparison is made with permanent 
standards. 

A method to measure odor concentration was described by Fair and 
Moore (38), formulae were presented to record the intensity of the 
odors and examples were given for different types of sewages, sludges, 
CTC. 

Kidridge (29) has reported an experimental study of the effect of 
ignition temperatures in the determination of total and fixed residues 
in sewage analysis. A review by Streeter summarizes the following 
conclusions : 

‘*(1) No temperature of ignition will give results exactly repre- 
senting the organie content of sewage and sewage sludge; (2) a tem- 
perature around 600° C. for 1 hour for sewage and 2 hours for sludge 
vives results most nearly representative of the true organic content; 
(3) a significant loss due to carbonate decomposition occurs with tem- 
peratures above 500° C. This loss is more significant with sewage 
solids than with sludge because of the higher carbonate content of the 
former.”’ 

Pathogenic Organisms.—There are comparatively few papers deal- 
ing with the survival of pathogenic organisms in sewage before and 
after treatment. Most of the studies made deal with specific condi- 
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tions in water stored in bottles. The difficulties of obtaining results 
are enhanced by the absence of proper methods for determinations of 
the pathogenic bacteria in the presence of large numbers of other or- 
‘ganisms. Heukelekian and Schulhoff (89), studying the survival of 
B. typhosus in surface waters and sewage, concluded that the rate of 
decrease in polluted water and sewage is comparatively rapid. The 
rate of decrease is materially affected by temperature. An actual 
multiplication may take place with favorable temperatures and in the 
presence of food supply, feces, urine, and sewage. 

In polluted water the survival time is shorter than in clean water. 
Aeration reduces the survival time, but when present in activated 
sludge the numbers increase initially (4-6 hours), followed by a rapid 
decrease. A rapid reduction takes place during anaerobic sludge 
digestion. With partial chlorination (25 per cent of the demand) 
over 99 per cent were killed in 10 minutes. The importance of typhoid 
bacteriophages in a tropical river was studied by Sechuurman (40). 
He found on the basis of laboratory experiments that typhoid baeilli 
could multiply in river water, but that the influence of other factors 
generally prevented multiplication, and that the phage increased 
rapidly in river water, even if no typhoid bacilli were present. In 
the self-purification processes of river water the phage plays a role not 
only in restricting the typhoid bacilli, but also in the maintenance of a 
biological equilibrium. 

In this connection the excellent report of Ruchhoft (71) which was 
inadvertently omitted from last year’s review, should be mentioned. 
He concluded that ‘‘Wet activated sludge cannot be considered in- 
nocuous.’’ In activated sludge stored at 68° to 72° F. the destruction 
of viable typhoid organisms was of the order of 99 per cent or better 
in each 5-day interval of storage. At 50° to 60° F. the corresponding 
figure was about 90 per cent in 10 days. The author used a convenient 
measuring rod by comparing throughout the relative viability of E. coli 
and B. typhosus. An excellent bibliography was appended. 


ACTIVATED SLUDGE 


Extent of Process —Langdon Pearse (41) in his ‘‘General Review 
of Sewage Disposal in the United States,’’ calls attention to the fact 
that in 1934 there was more capacity under construction or contem- 
plated for the activated sludge process than for any other. He also 
says ‘‘With much of the present interest in sewage treatment focussed 
on chemical precipitation, it is of more than passing interest to note 
that Providence, R. I., turned to activated sludge when their plant was 
remodeled.’’ 

Imhoff (42) says ‘‘The activated sludge process has been established 
as the best biological type of treatment for large cities, especially since 
it has been demonstrated that the’ excess activated sludge can be di- 
gested along with the preliminary settled sludge in heated digestion 
tanks.’’ 
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In a survey conducted by Engineering News-Record during 1934, 
and published in August 1935 (48), 44 states reported 104 activated 
sludge plants, of which 56 were the diffused air type, 35 mechanical, 
and 13 not indicating as to type of aeration. 

It is interesting to note the growth of the process. In 1929, twelve 
states reported a total of 35 activated sludge plants. These same 
iwelve states five vears later (1984) reported 85 plants. 

It is also noteworthy that the first plant constructed in United 
States, at San Marcos, Texas (44), in 1916, is still in operation. 

Chicago (45) turned to the activated sludge process for its new 400 
m.g.d. Southwest plant. 

Design and Construction of Plants—Pearse (41), points out some 
of the later design Peatares in economical construction of activated 
sludge plants, such as ‘*‘The use of wider aeration channels up to 34 
feet, the reduction in the number of water bearing walls in the aeration 
batteries, and the use of tank bottoms as footings for longitudinal 
walls; the use of coarser diffuser plates than heretofore with a reduc- 
tion in the number of rows of plates; and the use of air lifts for control 
of sludge from the final settling tank and its return to the incoming 
sewage.’’ 

Greeley (46) also mentions these trends. Eddy (47) ealls attention 
{o the interference of grease and oil on the activated sludge process, 
and recommends further study of grease removal devices, and Hyde 
(48) also recommends grease removal, particularly where the acti- 
vated sludge process is employed. 

Automatic sludge return by twin ejectors was used by Gavett (49) 
in his plant at Bernardsville, N. J. 

Piatt (50) at Durham, N. C., used a new a in his design of 
the aeration tanks, in that ie plate units, instead of being laid flat on 
the bottom, were laid lengthwise with plates in a vertical position, to 
prevent clorging and facilitate cleaning. It would be interesting to 
observe whether or not all the air will tend to leave the plates at the 
top, due to difference in hydrostatic resistance. If so, the effectiveness 
the plate area would be considerably reduced. This plant was de- 
signed to produce all the power necessary for operation from utilization 
of digester gases. It is possible to isolate one primary settling tank, 
one aeration tank, and one final settling tank from the rest of the plant 
to conduct experimental studies. 

Leiner (51) proposes to divide the aeration tanks into two groups, 
‘conditioning group’’ and ‘‘overloading group,’’ each followed by a 
settling tank. In the conditioning group only enough raw sewage is 
added to keep the sludge healthy and active, and the remainder of the 
raw sewage flows to the overloading tank. 

Settled sludge from the first or conditioning tank is returned to both 
the conditioning and overloading tanks, while sludge from the over- 
loading tank is wasted. Experience indicates that about 80 per cent 
purification can be obtained in the overloading tank with about one 
hour’s aeration, as against the conventional 4 to 8 hours in the ordinary 
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activated sludge plant. With the flow of sewage equally divided be- 
tween the conditioning tanks, with complete purification, and the over- 
loading tanks of about 80 per cent purification, the combined effluent is 
as good as that from a sprinkling filter (90 per cent purification). 
Advantage lies in the saving of tank space and flexibility of operation. 

Activated Sludge and Industrial Wastes.—<According to Rudolts 
(52) tannery wastes have interfered with the activated sludge process 
at Milwaukee, so that preliminary treatment is required before dis 
charge to the city sewers. In the Niers district (Germany) interfering 
tannery wastes were treated with a small amount of carbon dioxide 
gas in the presence of iron filings and then aerated. 

Hays at Waco, Texas, and Henderlite at Gastonia, N. C., have re 
ported interference in the activated sludge process from dye wastes. 
Henderlite added ferric chloride to the raw sewage entering the aera- 
tion tanks and was able to produce a practically colorless effluent, with 
improvement in the sludge. 

Large amounts of wool scouring wastes are sources of trouble due 
to quantities of grease settling out. Boil-off liquor from rayon wastes 
was successfully treated by the activated sludge process when not more 
than 6 per cent was present in the sewage. 

Treatment of beet sugar plant wastes by the activated sludge proc 
ess may be made to yield a high degree of purification, although the 
percolating filter seems most suitable for this waste. Slaughter house 
wastes can be successfully treated by activated sludge but they require 
long periods of aeration and large amounts of air. 

Sulphides in sewage exert a detrimental influence on biological 
treatment, either by sprinkling filter or activated sludge. Experience 
at Fort Worth with oil refinery washings containing large quantities 
of merecaptans and other sulphur compounds confirms this conclusion. 

Nolte, Meyer and Fromke (53) at Magdeburg, Germany, experi- 
mented with a small plant having a capacity of 18% gallons. They 
report that sugar wastes could be completely purified by the activated 
sludge process if first treated by the Nolte fermentation process. With 
24 hours aeration, 1000 p.p.m. organic acids could be completely de- 
stroyed. Using organic materials such as acetic acid, molasses, butyric 
acid, lactic acid and other organic compounds added to tap water they 
were able to produce an artificial activated sludge (without the addi- 
tion of raw sewage), which was quite effective. 

The suecess of this type of treatment appears to depend upon the 
presence of sufficient amounts of phosphates and ammonium salts for 
the nutrition of the bacteria, usually secured by the addition of am- 
monium phosphate. Nolte et al. were able to secure almost quantita- 
tive decomposition of M-cresol by this process. 

Eldridge (29) studied the effect of milk wastes on activated sludge 
treatment and reported that the high fat content apparently was the 
‘ause of sludge bulking. 

Effect of Addition of Chemicals to Activated Sludge Process.— 
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Rudolfs and Chamberlain (54) (55) (56) studied the effect of chlorina- 
tion on the activated sludge process. 

When mixtures of sewage and activated sludge, and activated sludge 
alone were chlorinated until residual chlorine was present the super- 
natant or clarified effluent showed increased turbidity and increased 
B.O.D., which would indicate an inferior effluent from a plant employ- 
ing chlorination, although the sludge itself showed a reduced B.O.D. 
and the sludge mixture filtered and de-watered more rapidly than the 
unchlorinated. 

When chlorinating to only partial satisfaction of the chlorine de- 
mand of either the sewage or the activated sludge the results again 
showed increased turbidity and higher B.O.D. in the clarified effluent ; 
the effeet apparently being proportional to the amount of chlorine 
added. 

In studying the effect of split chlorination 7.e. ‘‘chlorine added in 
the same quantities (on the basis of chlorine demand of the sewages) 
to the sewage, sludge, or in split dose, produced poorer effluents than 
the non-chlorinated materials.’’ ‘‘From the results secured it appears 
that neither split chlorination of the sewage or sludge was beneficial to 
the purification process, and that staleness of sludges could not be 
readily counteracted by chlorination.’’ The settling rate of well-oxi- 
dized sludges seems to be somewhat retarded by chlorine. 

At Singapore, in experiments using chlorine with a bio-aeration 
tank it was found (according to Mendelsohn, 57) that chlorine added at 
rates varying up to 36 p.p.m. to the sewage entering the aeration tank 
adversely affected biological life in the sludge, although Bell (58) at 
Barnsley, England, in 1930 reported excellent results when adding 
chlorine in the form of bleaching powder to the sludge returned to the 
bio-aeration tanks. 

At Lima, Ohio (59), Smith was able to control bulking by adding 
chlorine to the return activated sludge, in such quantities that the ratio 
of per cent solids in the sludge to the p.p.m. chlorine applied was kept 
above 1.00. 

The first reports on the use of activated carbon in an activated 
sludge plant are from Smith at Newark N. Y. (60). The carbon in the 
form of ‘‘Nuchar’’ was applied to the raw sewage to reduce odors. He 
reported that the carbon reduced H.S odors in the raw sewage and 
reduced scum formation in the primary settling tanks. Some of the 
earbon earried through to the aeration tanks. The returned sludge 
was biacker in color but no change was noticed in the dissolved oxygen 
content of the final effluent. There was no noticeable effect on the daily 
vas production, although later (61) he reports that the gas production 
was increased. 

Sartorius (62) reports that large amounts of carbon have a destruc- 
tive action on the bacteria. 

Rudolfs and Trubnick (63) studied the effect of activated carbon on 
the activated sludge process and report that there was no effect on the 
turbidity or oxygen consumed values of the effluent when so treated. 
A very slight difference in the compacting of the sludge was noticed. 
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Goudey (64) claims to have improved the activated sludge process 
by raising the pH value of the raw sewage to 6.5 by addition of lime. 
Raw sewages with pH values below 6.5 are not commonly encountered 
unless they have been altered by some form of pre-treatment or con- 
tain trade wastes. It would be interesting to observe the effect of 
raising the pH to the optimum values for the growth of Zooglea rami- 
gera, the coagulating organism isolated by Butterfield. Goudey also 
recommends that lime, a ferrie salt, and copper sulphate should be 
added to control the pH and prevent excessive bacterial growth. 

The addition of ferric salts by Henderlite has previously been men- 
tioned. Nesmeyanov (65) added various iron and aluminum com- 
pounds to activated sludge. The addition of FeCl, or Fe.(SO,), in 
amounts of 0.0087 to 0.5 gram Fe per liter of sludge-sewage mixture 
produced a retarding effect on the oxidation, particularily on the nitro- 
gen compounds. Aluminum salts gave similar results. 

The action was not attributed to the iron or aluminum but to the 
change in acidity resulting from hydrolysis. Nesmeyanov also states 
that the small amount of iron necessary for the growth of the bacteria 
is normally always present in the sewage. 

Plant Operation—A Chicago combination aerator and clarifier at 
Monroe, Wis., has been reported upon by Kessler and Morgan (66). 

This unit treats domestic sewage containing quantities of milk 
wastes, at rates varying from about 29,000 to 115,000 gallons per day. 
The sewage has a B.O.D. from 180 to 594 and suspended solids from 
9410170 p.p.m. The effluent ranged from 13 to 122 p.p.m. B.O.D. and 
suspended solids 12 to 57 p.p.m., with aeration periods ranging from 
28.3 hours to 7.1 hours. Current for aeration was from 782 to 3900 
K.W.H. per million gallons. 

In last year’s report of the Research Committee (67) mention was 
made of the construction of a 16 m.g.d. diffused air plant, a 1 m.g.d. 
Simplex plant and a 0.6 m.g.d. bioaeration plant at the Davyhulme 
Plant, Manchester, England. Results of operation of these plants 
have been published (68) and abstracted by Hoskins (69). 

These results are shown below. 


Diffused Air 





| 
| | ° 
ane Te Simplex | ~~ 
High | Low | | Aeration 
Supply | Supply | | 
Per cent reduction biochemical oxygen demand 92.5 | 89.2 93.6 | 84.9 
Per cent reduction albuminoid nitrogen. . . 73.6 | 62.3 76.0 61.8 
Per cent reduction oxygen demand at 26.7° C.. 73.5 | 68.7 75.2 | 668 
Sludge return per cent.................. mS | 9-12 | 5-8 
B.H.P. required per mil. gals.......... | 36.95 | 30.55 26.9 40.7 
Cubic feet air per gallon................ | 1.200 | 0.887 | 
Detention period—hours.................. oa] 22a |. 12.7 14.6 | 16.3 
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It will be seen that these results are decidedly favorable to the 
Simplex process. 

Bulking of sludge at Newark, N. Y. (70), was corrected by wasting | 
sludge until the solids in the mixed liquor fell to 2500 p.p.m., while at 
Lima, Ohio, Smith obtained the desired results by the use of chlorine 
(previously mentioned). He was able to correlate bulking with the 
presence of large amounts of filamentous organisms, and when bulking 
was controlled by chlorination the organisms were present in very 
small quantity or absent. 

Research and Experiments.—During the past year a number of 
papers have appeared describing investigations on the theory and 
mechanism of the activated sludge process. Edwards (72) has pre- 
sented an important review of the various theories that have been pro- 
posed and Theriault’s work has been referred to in the Biology and 
Chemistry section. In this connection Mohlman’s (73) editorial is 
quite pertinent, wherein he states ‘‘a complete theory is bound to be 
quite complex, including as it must the relation of surfaces, bacteria, 
protozoa, oxygen content, temperature and time.’’ He further calls 
attention to the dual factors of environment and the actual mechanism 
of the reaction, and need for their correlation. 

Perhaps if one were attempting to form a general quantitative idea 
of the relative importance of the purely physico-chemical phase, against 
that of the biological, an analogy might be drawn between chemical 
precipitation methods and the activated sludge process. The purifica- 
tion affected by chemical precipitation might be considered as ap- 
proaching a measurement of the physico-chemical phase while the re- 
maining purification effected by complete activated sludge treatment 
might be considered truly biological. 

Regardless of which theory one may accept, a certain fundamental 
requirement is paramount, that of oxygen demand satisfaction. This 
oxygen must be supplied to the sludge and/or mixed liquor as fast as it 
is utilized. 

In a paper read at the annual Summer Conference of the Associa- 
tion of Managers of Sewage Plants, at Glasgow July 1926 Harris, Cock- 
burn and Anderson (74) point out that .0586 cu. ft. of air is required 
per gallon of sludge, per hour which is equivalent to about 109 mg. of 
oxygen per liter. Theriault and McNamee (75) reported a demand of 
89 mg. while Grant, Hurwitz and Mohlman (76) reported 150 mg. per 
liter for the first hour. 

A number of research papers on the process have been produced 
at the New Jersey Experimental Station under the direction of Dr. 
Rudolfs. 

Heukelekian (77) studied the biochemical changes taking place in 
sewage and sludge when treated by the activated sludge process. He 
summarizes, ‘‘The two main processes involved are flocculation and 
oxidation. Aeration enhances flocculation by transferring the sewage 
solids into the sludge floc. Over-aeration causes a redispersion of the 
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floceculated solids. Simultaneous with the flocculation, oxidation of the 
solids in the dispersed as well as in the floccular form is taking place.’’ 

Sludge having the greatest purifying capacity was obtained by 4 to 
7 days aeration, when using the B.O.D. as a criterion. Judged by ni- 
trate formation, the optimum occurred on the seventh day. There was 
a definite loss in suspended solids due to aeration. 

Continuing the experiments, Heukelekian made observations on the 
effect of varying the daily charge of solids added (78). 

If the daily addition of fresh suspended solids was equal to the with- 
drawal of suspended solids in the sludge, the concentration could not 
be maintained since there was a loss of suspended solids during aera- 
tion. With low charges of solids the losses were high, and with high 
charges the losses were low. The character of the sludge and degree 
of purification were also affected by the daily charge. If the charges 
were too low an over-oxidized sludge was produced, indicated by the 
high ash content and low B.O.D. suspended solids ratio and higher tur- 
bidity of the effluent. If the charges were too high, the sludge had low 
ash content, high B.O.D. suspended solids ratio, and high suspended 
solids in the effluent. The optimum quantity was somewhere between 
3.4 and 17.7 per cent. 

Heukelekian (79) also studied the effect of aeration on the removals 
of suspended solids and B.O.D. in the absence of activated sludge. He 
concluded ‘‘It was found that with different sewages an aeration period 
of 6 hours followed by sedimentation resulted in a greater degree of 
purification than could be obtained by plain sedimentation, based on 
suspended solids and B.O.D. determinations. The higher removals 
were brought about not by oxidation but by the flocculating effect of 
the sludge.’’ This has also been confirmed in studies by the British 
Water Pollution Research Board (80), where no appreciable difference 
was noted when bubbling air, oxygen, hydrogen or nitrogen through 
the sewage mixtures. Settled solids should not be returned for the 
purpose of increasing the removals since the effluent will be of poorer 
quality. 

Ridenour (81) continued his studies on the effeet of low solids con- 
centration in activated sludge, and reported that suspended solids as 
low as 150 p.p.m. could be carried and still the sludge could be main- 
tained in activated condition. Ridenour states that settling of acti- 
vated sludge is a two-stage process, the first of which is flocculation of 
suspended solids, then followed by normal settling. 

Buswell and Long have reported some years ago that activated 
sludge floe is characterized by large numbers of filamentous bacteria 
and oceasional Zooglea ramigera. 

Hatfield and Agersborg, at Decatur, Ill., found that the sludge in 
their pre-aeration tanks consisted almost entirely of Zooglea ramigera 
and Sphaerotilus. Since the action of these tanks is primarily one of 
colloid coagulation it would appear that these organisms are of prime 
importance. 

Setter, Ridenour and Henderson (82) point out that numerous 























Vol. 8, No. 2 SEWAGE CHEMISTRY, TREATMENT AND POLLUTION 177 


authors ascribe the mechanism of coagulation to the colloidal proper- 
ties of the sludge. They have attempted to show that variations in 
the colloidal properties of the sludge are reflected in the composition 
and character of the floc. In order to evaluate these properties they 


measure the ‘‘eation exchange capacity”’ of the sludge by means of the 


barium acetate-ammonium chloride method for soils. With this pro- 
cedure they were able to show that an increase in the cation exchange 
capacity corresponded with an increase in the settling characteristics 
of the sludge. 

While the plain aeration of sewage is not to be confused with the 
activated sludge process, the results of this treatment are too significant 
to be omitted, especially as an adjunct to other treatments. Heuke- 
lekian (79) has reported his results, based on laboratory findings. 
Attention should be called to Nauta’s (83) experiments, wherein he 
found that strong Amsterdam sewage, with a 3’ hour period of aera- 
tion, could be handled on sprinkling filters at 7 to 8 times the normal 
rate. 

Kxperiments at Singapore (57) indicated that pre-aeration in- 
creased the capacity of a sprinkling filter about four-fold. 


StupGe Hanpuine AND Disposau 


Digestion—Separate sludge digestion, with special reference to 
digestion temperatures and to gas production and utilization, continues 
to receive a considerable part of the attention of the sewage works 
investigators. Walraven (84) has utilized for experimental purposes 
the facilities of the Springfield, Illinois, plant, in which an average 
flow of 7 m.g.d., with no material quantities of industrial wastes, is 
treated in primary settling tanks followed by the activated sludge 
process. His report is an excellent example of what may be done in 
the way of accumulating data of research value by the careful observa- 
tion of a plant under routine operating conditions. <A series of tests 
on the coefficient of heat interchange from submerged heating coils 
gave a value of 11 B.T.U. per sq. ft. of heating surface per hour per 
1° F. differential, with a sludge of 12 per cent solids, and a correspond- 
ing value of 39 B.T.U. with a more dilute sludge approximating strong 
supernatant liquor. Detailed analytical data are given, which show the 
composition and total output of sludge by months, with corresponding 
tank temperatures. The yearly values are likewise compared with 
those of the three previous years. 

In view of the interest which has been aroused by Cohn’s advocacy 
of household garbage grinders discharging into the house sewer, Bab- 
bitt (85) has considered the implications of this proposal from the 
point of view of the sewage works operator. On the basis of existing 
data he arrives at the conclusion that with a general introduction of this 
method of garbage disposal, the solids of domestic sewage will be about 
doubled and the nature of the garbage material makes it somewhat 
more difficult to digest. Babbitt claims that B.O.D. will be increased 
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about 25 per cent and difficulties arising from the presence of grease 
will be largely aggravated, both as to quantity and character of the 
grease. 

The introduction of the crude garbage equivalent to the contribution 
of 100 persons into an experimental Imhoff tank having a capacity of 
about 250 persons gave highly unsatisfactory results. While the 
author ventures no final judgment upon the question, he anticipates 
serious trouble in any digestion system called upon without redesign- 
ing to handle a heavy load of garbage. He believes however that re- 
search will provide the solution to this situation. 

Agricultural Use of Sewage Sludges.—DeTurk (86) briefly reviews 
the historical picture and then presents a discussion of fertilizer value 
based upon chemical composition and field experiments, written en- 
tirely from the point of view of the Agricultural Experiment Station, 
which, it may be noted in passing, is distinctly different and possibly 
a more detached point of view than that of the sewage works operator. 
Digestion of the sludge not only reduces its total nitrogen content but 
also reduces the ‘‘availability,’’ in the agricultural sense, of the nitro- 
gen which remains. Experimental results indicate that the effective- 
ness of this nitrogen is about one-fourth that of nitrogen in nitrate of 
soda and one-half that of the nitrogen in cottonseed meal. Activated 
sludge on the other hand not only has a higher total nitrogen content 
but the effectiveness of the nitrogen is roughly double that of digested 
sludge. The latter is roughly equivalent to farm manure, both on a 
chemical and on a utilization basis. There is also a brief discussion 
of the utilization of the sludge as a basis for the preparation of a more 
concentrated commercial fertilizer. 

Among the various complications which surround the problem of 
the satisfactory utilization of sewage sludges in agriculture an ocea- 
sional reference to the sanitary and public hee lth significance of such 
practice comes to our attention. This situation has been discussed 
by Tanner (87) in a brief but satisfactory manner, with an excellent 
list of references. Discussing first the probable longevity of the 
typhoid organisms in soils he concludes that, under ordinary conditions 
in sewage polluted soil, survival for as long as 74 days must be antici- 
pated. The presence of nutritive material seems not to be a determin- 
ing factor. The organism may be carried by drainage through a con- 
siderable layer of finely packed soil, and may be transported in a viable 
condition from dried soil and sand by wind or air currents. He advises 
‘aution in the use of sewage sludge in connection with truck gardening. 
In this connection the studies of Heukelekian and Schulhoff referred to 
in the section on ‘‘Chemistry and Biology’’ and indicating a compara- 
tively rapid death rate of the typhoid organism during sludge digestion 
are somewhat comforting. 

Genter (88) has reported results of further work on sludge elutria- 
tion, using formalin, chlorine, or hypochlorite in addition to elutriation 
with water. The resistance of sewage sludges to coagulation is caused 
by soluble products of decomposition, notably the amino-ammonia 
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nitrogen. Genter shows that the amount of coagulant required is al- 
most directly proportional to the amino-ammonia nitrogen content of 
the liquid sludge. Sludges containing 100 p.p.m. of amino-ammonia 
nitrogen required 2.2 per cent of ferric chloride, while those containing 
325 p.p.m. required 8 per cent to give maximum filter rates. When the 
325 p.p.m. was reduced to 15 p.p.m. only 1 per cent ferrie chloride was 
needed to effect the same result. 

Sludge Dewatering.—Keefer (89) at Baltimore has continued his 
valuable investigation of sludge dewatering, with special reference to 
the advantages of elutriation as a preliminary to vacuum filtration. 
He presents data of his large scale experiments, including costs, which 
are compared with the costs of the older process of sludge drying on 
sand beds. Ona dry solids basis, the most economical procedure, using 
chlorinated copperas with elutriation, involves a total cost of $3.28 per 
ton of dry solids. This is compared with a cost of $4.38 without elutria- 
tion and approximately $6.13 by air drying. 

Spray Drying of Sludge—Cost estimates have been presented by 
Downes (90) on the results of the spray drying of sludge at Plainfield, 
Handling all the digested sludge from a population of 50,000, it is 
necessary to operate 9 hours a day, 6 days a week. Digested sludge 
of 5 per cent solids is concentrated by flotation with alum (4 lbs. per 
ton of sludge), and is atomized by a spray type drying bow] 6 inches in 
diameter turning at 9600 r.p.m. and delivering sludge at the top of the 
drying tower. Drying at 70 lbs. per minute the sludge resembles a 
vood loam fertilizer, but has about 30 per cent moisture. Under Plain- 
field conditions the cost is estimated at $9.86 to $12.04 per ton of dry 
solids. It is stated that the product can be sold at $10.00 per ton 
(equivalent to $12.04 per ton of dry solids) or it may be burned by 
blowing it back over the fire. Drying digested sludge gives off no 
offensive odors, but raw sludge cannot be successfully dried without 
odor under present operating eonditions. 


CHEMICAL TREATMENT 


The outstanding publieation of the year in the field of chemical 
treatment is the report of a committee of the Public Health Engineer- 
ing Section, American Public Health Association, under the Chairman- 
ship of Langdon Pearse, which most fortunately has been printed in 
full (91), despite its length of 108 pages. We mention this report for 
the sake of completeness since its availability and character make un- 
necessary any attempt to digest it. Dr. Mohlman’s editorial com- 
ments on this report in the same number of the Journal should also be 
read. 

A paper by Blew (92) admirably complements the Committee Re- 
port in that it presents’'a somewhat more expanded historical survey 
of the use of chemical processes. The author reminds us of the inter- 
esting fact that the conclusions of Hazen to be found in the Report of 
the Massachusetts State Board of Health for 1890 represent quite ac- 
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curately our present day knowledge as to the relative merits of various 
chemical precipitants. (See also items on chemical research under 
‘‘Chemistry and Biology’’ and under ‘‘Chlorination.’’) 

Activated Carbon.—The use of activated carbon in the various 
stages of sewage treatment seems to be attracting increasing interest. 
Rudolfs and Trubnick (63) present a useful discussion of the manu- 
facture of activated carbon and of some of the principles and theories 
of adsorption which have been proposed. 

Their own experiments deal with the effective adsorption of CO, 
and other volatile acids, to which effect they ascribe the rise in pH gen- 
erally noted when activated carbon is added to sewage. The relation 
between concentration of acid, concentration of carbon and time of 
contact both with CO, and with butyric acid were studied in detail. 

No evidence was obtained of any improvement in flocculation or in 
net purification of raw sewage treated with varying concentrations of 
activated carbon and later gently flocculated and settled for one-half 
or one hour, nor was there any improvement in the B.O.D. or oxygen 
consumed values. Similar negative results were obtained in conjune- 
tion with partial coagulation with iron salts. 

With more nearly complete flocculation with ferric chloride there 
was some improvement in settleability using carbon dosages from 5 
to 25 p.p.m. and progressive improvement after filtration of the treated 
sewage up to 10 p.p.m. of carbon. 

Activated carbon was found to have a deleterious effeet upon 
chlorine disinfection which, although irregular, the authors consider 
to be significant and which they ascribe to the direct adsorption of 
chlorine. In connection with activated sludge no improvement in the 
settleability or in the resulting turbidity and oxygen consumed was 
noted with dosages of carbon up to 40 p.p.m. Digestion of fresh solids 
is apparently accelerated. Six and a half p.p.m. of carbon reduced 
the digestion time by one-half and 13 p.p.m., by about two-thirds or 
from 127 to 42 days. Gas production was likewise stimulated but to 
no greater extent in the case of the increased carbon dosage. 

Rogers (93) likewise noted, at Garden City, New York, that addi- 
tion of approximately 5 p.p.m. of activated carbon to the sludge intro- 
duced into separate digestion tanks, which are unheated, brought about 
an increased rate of digestion, although in the absenee of a control 
tank his judgment is based merely upon past performance of the tank 
in question under similar weather conditions. 

Rudolfs and Trubnick observed that activated carbon seemed to be 
without particular benefit when applied to a trickling filter effluent and 
that while it tended to reduce the odor of stale sewage the effect was 
probably one of hydrogen sulphide adsorption. In laboratory tests 
they found that the presence of carbon actually accelerated hydrogen 
sulphide formation. . 

Field investigations were likewise carried out at Princeton, New 
Jersey, and at East Rochester, New York, in which the effect of the 
earbon upon digestion was confirmed and in addition a material im- 
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provement was noted in the matter of scum formation and separation 
of sludge and liquor in the digestion tank. 


MeEcHANICAL HQUIPMENT 


A brief paper by Agar (94) summarizes the advances that have been 
made in the use of mechanical equipment in sewage treatment during 
the past few years. For purposes of classification he defines mechani- 
cal equipment ‘‘As any device with moving parts which performs or 
assists in carrying out any of the necessary steps in a treatment 
process.’’? While this definition logically includes pumps, this item is 
omitted from the definition in deference to custom. The author refers 
to the adoption of a total of 54 pieces of mechanical equipment, inelud- 
ing 23 mechanically operated settling tanks, among the 33 sets of plans 
submitted to the New York State Dept. of Health during the past two 
or three years. 

The performance of a Laughlin magnetite filter preceded by sedi- 
mentation of various periods, and compared with the results of sedimen- 
tation alone, has been reported by Rudolfs, Brendlen and Carpenter 
(95) on the basis of experiments made at Coney Island, New York. 
The sewage experimented with had average values of 1438 p.p.m. B.O.D. 
and 105 p.p.m. suspended solids. The settleable solids averaged about 
53 per cent of the total suspended solids. 

The experiments were on plant-size seale and individual tests were 
carried out for from 70 to 187 hours each. Plain sedimentation for 
periods of from 1 to 2.3 hours resulted in removals ranging from 27 
to 58 per cent of suspended solids. Subsequent filtration resulted in 
an additional removal of about 25 per cent of the initial value and this 
was largely independent of the rate of filtration where the rates varied 
between .58 and 3.31 gals. per sq. ft. per min. Results on the removal 
of turbidity and B.O.D were of similar character. One hour’s sedi- 
mentation followed by filtration at the maximum rate gave results 
superior to those of a 2-hour period of sedimentation without filtration. 
The authors comment upon this result and upon the flexibility which is 
thereby introduced into the system. 

A similar study, except that it deals with the treatment of the final 
activated sludge settling tank effluent, is reported by Zack (96). The 
purpose of this study, which was carried out at the North Side Sewage 
Treatment Works of the Sanitary District of Chicago, was to determine 
(1) the applicability of the Laughlin filter to this particular type of 
effluent and (2) the quality of final effluent obtainable at various settling 
and filtering rates. Rates of filtration in the 10 separate series of tests 
ranged from 1.65 to 4.2 gals. per sq. ft. per min. The various analytical 
data are reported upon in detail. It is concluded that the magnetite 
filter is mechanically adapted to this particular work, that effluents of 
some 4 to 5 p.p.m. suspended solids and about the same concentrations 
of B.O.D. are uniformly attainable with standard rates of settling and 
filter rates of 2 gals. per sq. ft. per min. Higher rates of filtration 
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were evidently effective but were limited by capacity for sludge econ- 
centration. 

In a series of articles Streander and Blew (97) deseribe mechanical 
equipment for handling coagulant and sludge and review recent im- 
provements in coagulation control. The author’s conclusions may be 
briefly summarized as follows: The removal of the colloidal portion 
of sewage solids, since they may carry either a positive or a nega- 
tive charge, depends largely upon the character of the water supply, 
therefore each sewage presents a separate problem. Proper coagula- 
tion raises or lowers the electric charge to the isoelectric point. Below 
pH 7.0 ferric chloride is preferable for conditioning sludge. For 
treating sewage, the iron salts are about equally effective on a ferric 


iron basis. The cost per unit of iron therefore governs the selection of 


the iron salt. To smooth out the load and reduce variations in flow, 
pre-treatment in sedimentation tanks may be used or the same results 
secured by final filtration. The use of chemical sludge from final tanks 
is beneficial, but the use of inert substances is of questionable value 
except for conditioning sludge. Continuous sludge removal is neces- 
sary for efficient operation. ‘wo to three hours detention should be 
provided, or if the effluent is filtered, one to two hours. Filtration will 
generally produce a saving in chemicals and it will permit the use of 
smaller sedimentation tanks. <A filter rate of 2 to 4 gals. per sq. ft. 
per minute should give 90 per cent removal of suspended solids. Us- 
ually ferrous sulphate will produce a siudge containing 2 to 4 per cent 
of dry solids and ferric chloride a sludge containing 3 to 5 per cent dry 
solids. When both lime and a ferrous or ferric salt are used, the in- 
crease in quantity of dry solids will be from 20 to 40 per cent. 


FILTRATION 

It is significant of the trend of the times that This Journal—inelud- 
ing the Review Section—lists for 1935 only one reference to a sewage 
filter and this merely to methods of collecting samples. Other ‘‘filtra- 
tion’’ items refer to mechanical filters. Under this heading, however, 
we may appropriately refer to a symposium held at Pasadena (98) 
before the Public Health Engineering Section, A.P.H.A., on sewage 
farming as practiced in the southwest. Papers by Ehlers of Texas, 
Roberts of Arizona and Reinke of California deal with the extent of 
the practice and its economic phases. 

Khlers presents the ‘‘suggestions’’ of the State Board of Health of 
Texas, including prohibition of sewage farming in connection with 
vegetables eaten raw. In Arizona fodder crops and cotton only are 
grown. Since 1933, California’s regulations have been based upon 
classification of effluents rather than of crops. Raw sewage and un- 
digested sludge are prohibited. No restrictions are placed upon the 
use of well oxidized and disinfected effluents, while settled effluents, not 
disinfected, may be used on nursery and fodder crops, cotton and sugar 
beets, but not on vegetables, berries or low growing fruits. Sewage 
farming is sewage disposal from the administrative point of view. 
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CHLORINATION AND ALLIED PROCESSES 


Chlorine application, and the use of chlorine as an integral part of 
chemical methods, has continued to develop a field of increasing scope 
in sewage treatment. Pre-chlorination to prevent odors and concrete 
disintegration; post-chlorination for the disinfection of sewage, oxygen 
demand reduction, and the maintenance of stream quality—these ap- 
pear to be such well-established functions as to be included wherever 
chlorination can serve such a purpose. 

Chlorine and Sludge Bulking—In a valuable series of laboratory 
studies Rudolfs (99) and co-workers report the effect of chlorination on 
activated sludge. They substantiate the opinion that activated sludge 
requires a balanced flora and fauna for a maximum degree of purifica- 
tion and stabilization; that complete chlorination is dangerous since it 
affects clarification as well as oxidation and stabilization. Like com- 
plete chlorination, partial chlorination may be dangerous and treat- 
ment of sewage or of activated sludge before mixing produces a poorer 
effluent. Chlorination of poorly oxidized sludge, bulky or fluffy in 
nature, while not causing an increase in purification power, did increase 
settleability. Small amounts of chlorine may be beneficial where poor, 
bulky sludges, difficult to concentrate are encountered. 

K. E. Smith (100) reports the results of his experience at Lima, 
Ohio, with chlorination of returned activated sludge for the control of 
bulking. During the summer of 1934 a marked increase in filamentous 
fungi in the aeration units seemed to be correlated with poor settling 
of sludge in the final settling tanks. All the usual remedies were tried 
unsuccessfully, but chlorination of the returned sludge, using only a 
low dose of chlorine, entirely eliminated the difficulty. 

Microscopie examination of organisms and hourly determination of 
settleable solids in the aeration tanks formed the basis of chlorine addi- 
tion. With a ratio of less than 1 p.p.m. chlorine for each per cent 
solids in the returned sludge, bulking condition could be prevented. 
For example, with a suspended solids content of 1.94 per cent in re- 
turned sludge (1.105 m.g. day rate), only 9 pounds of chlorine, ratio 
0.5, proved adequate to prevent bulking. Treatment enabled the reduc- 
tion of air to little more than the delivery of the smallest sized blower, 
which was a new experience at this plant. 

Chemical Treatment Prior to Activated Sludge.—Calvert (101) 
has made comprehensive laboratory and semi-plant scale experiments 
(2 to 3 m.g.d. rates) using ferrous sulphate and ferric chloride. Iron 
was easily available from a galvanizing plant waste. [Experiments 
showed a marked improvement in both activated sludge and sludge 
settling, but the cost was excessive. Ferrous sulphate added at a rate 
of 166 lbs. per m.g. enabled handling 39 per cent more sewage than was 
handled in the control experiment, with approximately the same B.O.D. 
reduction. When ferric chloride was added to the return sludge, at 
479 lbs. per m.g., 23 per cent more sewage could be treated, producing 
a sludge settling in one hour and containing about twice the concen- 
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tration of dry solids as in the untreated. The B.O.D. of the effluent 
was not improved. 

Laboratory experiment gave as the best cost figure 2.8 Ibs. B.O.D. 
removed per lb. ferric chloride. This would make B.O.D. removal cost 
$14.00 per 100 Ibs. at existing chemical prices. Cost the preceding year 
for routine plant operation was $3.43 per 100 lbs. B.O.D. removed. 
While the plant needs can be met to some extent by chemical treatment, 
Calvert concludes that the cost of the method investigated is too high 
for continuous application. 

Chiorimated Iron.—While chlorine continues to serve as a useful 
adjunct in the prevention of odors and the protection of concrete and 
masonry sewers, the use of ferrous chloride—as produced from the 
reaction of chlorine water and scrap iron—has distinct advantages. 
Chlorine consumption is reduced and efficiency is increased. <Ade- 
quate disinfection takes place and the sulphides react more readily 
with the iron than with chlorine. Riker has reported (102) on the 
efficiency of the process at Princeton, N. J., where not only the control 
of odors but operation of the sprinkling filters and digestion and dry- 
ing of sludge were aided. Pre-chlorination was used, but never suf- 
ficient to overdose the sewage, peak conditions being met by ferrous 
chloride solution, prepared by the action of chlorine water on crushed 
tin cans. Odor conditions of previous years did not occur and despite 
the high B.O.D. and chlorine demand of the raw sewage less chlorine 
was used. The iron turned the surface of the sprinkling filter brown 
and continuous unloading was reduced. While the bacterial content of 
the filter effluent was higher than in 1933, the B.O.D. was reduced, in- 
dicating more effective oxidation in the filter with less bactericidal 
effect. At this plant it is necessary to be particular about odors and 
the margin between sulphide and chlorinous odors when pre-chlorina- 
tion alone was used, was so.narrow that the latter were often in evi- 
dence. ; 

At Oklahoma City, Seott (103) reports on the effeet of iron chloride 
when the sewage reaches the plant in a septie condition. Some eight 
miles of flow from the city, low grades, and high temperature contribute 
to this condition. The hydrogen sulphide reacted immediately with 
the iron chloride to form ferrous sulphide and this served to eliminate 
trouble from odors produced by packing house sewage. Previously, 
the attack on concrete had resulted in the collapse of several sewers, 
necessitating expensive repairs. Chlorine alone was required in ex- 
cessive amounts to react with the hydrogen sulphide, as large quanti- 
ties were first taken up by the organic matter in the waste. When 
added as iron chloride none reacted with the organic matter and all was 
available to react with the hydrogen sulphide. 

Details of operating results and costs have become available from 
plants using the Seott-Darey method of producing iron chloride from 
serap iron and tin cans (104). Scott reports on three years of experi- 
mental work at Oklahoma City and considers the last three months of 
complete operation. For this period the cost of chemicals used aver- 
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aged $4.08 per m.g. Treatment, including wages, salaries, power, 
maintenance, and overhead has been $8.04 per m.g. treated. The ef- 
fluent produced is clear and the condition of the creek satisfactory, as 
there are no unsightly solids and no odors. Sludge pumped from the 
clarifiers averages 10 per cent solids and is dewatered on a vacuum 
filter at a rate of 5.5 Ibs. dry solids per sq. ft. per hour. Average mois- 
ture of the cake is 62 per cent. Sludge is stable and gives no odors even 
though later wet by rain. The equipment of the plant is mostly auto- 
matic and is all under the supervision of one operator. 

Seott found that iron chloride solutions could be made with different 
characteristics and different coagulating qualities dependent upon 
different amounts of iron in solution. By controlling the rate through 
the chlorinating tower and the strength of the chlorine solution, it was 
possible to make an iron chloride solution containing large quantities 
of colloidal iron. This was found to be the best coagulant. Before 
precipitation the pH of the sewage is adjusted at this plant to 8.5 by 
the use of lime. 

At York, Nebraska, Veatch reports (105) that iron chloride made 
from tin eans and chlorine, used for coagulation, at the rate of 120 Ibs. 
per m.g. with hydrated lime at 180 lbs. per m.g., gives a B.O.D. redue- 
tion up to 75 per cent. Suspended solids of the sewage varied from 364 
to 192 p.p.m. in the raw sewage and from 100 to 28 in the effluent. With 
chlorine at 10e per pound, the chemical cost is $5.50 per m.g. and total 
cost of treatment $15.08 per m.g. Veatch reports no interference with 
digestion of the chemical sludge. Chemicals are added only during 
eight hours daily, as gaugings show 70 per cent of the flow is during 
this period. Return chemical sludge is used to increase efficiency. 

Tests With Chlorinated Iron Coagulants.—At Dallas, Texas, Steel 
and Zeller (106) made a study of the chemicals commonly used in pre- 
cipitation methods. Over the pH range of 2 to 12, they found ferric 
chloride in general gave the best results with pH on the acid side, con- 
sidering minimum dosage and chemical cost. In a miniature plant 
treating .23 m.g. per day using chlorine and iron filings as a source 
of iron coagulant, a removal of 77 per cent of the B.O.D. (originally 
390 p.p.m.) and 86 per cent of the suspended solids was obtained. The 
cliemicals required were 1500 lb. chlorine and 200 to 400 Ib. iron turn- 
ings per m.g. The effluent was clear and the process odorless, but the 
cost was $25.00 to $50.00 per m.g. It was cheaper to make the iron 
chloride at this location (iron turnings free; chlorine $.025 per Ib.) 
than to purchase it and laboratory experiments showed a freshly pre- 
pared solution of coagulant to be more effective. 

Since June, 1935, the modified Guggenheim process has been in 
operation at a large pilot plant treating the sewage of New Britain, 
Conn., which contains varying quantities of iron waste. The ability 
of the plant to utilize the iron-bearing waste as a goodly part of the 
coagulant (virtually as chlorinated copperas) and to obtain a uniform- 
ity of operation points to the flexibility of chemical treatment. Chlor- 
inated copperas is used to maintain a regular dose of coagulant in the 
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waste and the return of chemical sludge with some aeration produces 
an effluent of excellent appearance. While no analyses have been re- 
ported, engineers employed by the City have recommended the chemical 
process over the biological process previously considered for the 
situation. 

Hardenbergh reports (107) results on chemical treatment at Liberty, 
N. Y., to provide partial treatment during the summer months. Three- 
quarters of a million gallons of sewage with a B.O.D. of 300 to 700 p.p.m. 
was treated daily. Chemical addition proved most effective at about 
the one-third point in the mixing tank with a minimum of air agitation 
following. Though no data as to B.O.D. or suspended solids removal 
have been made available, good results were reported with chlorinated 
copperas, ferric sulphate and prechlorination, and Blackalum (alum 
plus activated carbon). The latter improved the drainability of the 
sludge. 

At Atlanta, Ga. (108), tests over a short period indicated that 
chemical precipitation with chlorinated copperas permitted loading 
trickling filters at a 6 m.g.d. rate—three times the rate of parallel filters 
without iron—giving oxidation even greater than the normally loaded 
units. The effluent contained much small floe which was readily coag- 
ulated in final tanks by a secondary iron dosage. ‘This is in agreement 
with Downes’ work at Plainfield, N. J. 

It is shown by Hurley (109) that iron pickling liquors can be ad- 
mitted to sewage with no harmful effects. Sewage settled 16 hours and 
sewage containing the proper proportion of pickling liquors were ap- 
plied to separate filters. A superior effluent was obtained from the 
filter receiving the latter. 

Disinfection.—More evidence has been offered that substantial re- 
duction of bacteria in sewage may be obtained by partial chlorination 
(less than complete satisfaction of the chlorine demand). The reduc- 
tions increase with chlorine dose and time of contact. The studies of 
Rudolfs previously showed that in untreated sewage nitrogenous sub- 
stances have a large chlorine demand and the bacterial kill was almost 
instantaneous. 

Mallman and Shephard (110) have investigated this phenomenon at 
the Traverse City, Mich., disposal plant where a settled sewage is 
chlorinated before discharge to the lake. Employing dosages ranging 
from 80 to 100 per cent of the initial chlorine demand, and contact 
periods of 7, 14 and 21 minutes, they find progressive reduction of 37 
counts, with time of contact as well as with dosage. Their conclusion 
that, with partial satisfaction of the demand, the rate of killing falls 
off with time is not supported by their graph of the data, which indi- 
cates a very close agreement with the theoretical constant death rate 
at each concentration. Another deduction from this graph is that, 
measuring concentration of dosage in terms of final residual chlorine 
(or its negative, residual demand), and plotting data against this seale, 
the rate of killing is a linear function of this concentration term, the 
relation being continuous from the region of excess residual chlorine 
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to that of residual demand. The data suggest a uniformity in the basic 
reactions of chlorine disinfection in which the so-called chlorine demand 
(a convenient but arbitrary fiction) plays no critical part, acting merely 
as a neutralizing agent. 

Rudolfs and Gehm (111) show that the reduction in total bacteria 
(20 degree count) and in B. coli varies with the contact time employed 
and types of substances present, but this reduction is followed by great 
increases after incubation. In all cases, except when 100 per cent of' 
the chlorine demand was satisfied, growth occurred within 6 hours after 
incubation but no counts reached the original numbers until after 24 
hours of incubation. The authors found aftergrowths to be not directly 
proportional to the quantity of chlorine added. When 50 to 75 per cent 
of the chlorine demand was satisfied, no protozoa were present after 
72 hours of incubation; with a lower chlorine demand the rate of kill 
was greater, and the per cent reduction varied with the per cent satis- 
faction of the demand. An important point is that the protozoan 
numbers are reduced to a greater extent by the germicide, due to their 
lower initial population and greater sensitivitv. The lag period for 
these organisms is longer than that of bacteria, therefore the bacterial 
population is allowed to increase unhampered. Chlorine-resistant bae- 
teria may be partially responsible. 

Industrial Waste Treatment.—It may frequently happen that in- 
dustries will be required to give their wastes pre-treatment, if the mu- 
iicipal sewage treatment systems are to be utilized. Chemical treat- 
ment seems to be indicated in many eases. At Durham, N. C., three of 
the larger textile mills have established pre-treatment plants to enable 
the city’s new activated sludge plant to handle the mixed sewage. 
Chlorine and chlorinated iron are used as flocculants for the textile mill 
wastes. At Spindale, N. C., where the combined wastes and sewage 
are to be given chemical treatment, the only restriction on the industrial 
plants is regulated discharge of the wastes. 

Septic tank treatment and lagooning of meat packing waste proved 
unsuecessful at Grand Rapids, Mich. Eldridge (112), carried out 
laboratory experiments on chemical precipitation which have been fol- 
lowed by full scale operation of a 5,000 gals. per day plant. The waste 
has a B.O.D. averaging 2,000 p.p.m. and in view of the small volume 
with high organic content coagulation with chemicals proves more de- 
sirable than biological treatment. Chlorine gave the best results of 
any coagulant tried, giving reductions averaging 62 per cent of total 
solids, 78.5 per cent of volatile matter and 92.6 per cent of B.O.D. 
Supernatant liquor treated with chlorine can be discharged to the 
stream or returned to the treatment plant. Sludge is collected in a 
septic tank where it may be stored about three months. 

The new Cedar Rapids, Iowa, plant has been reported (113) as being 
partly in routine operation. Separate pre-treatment of meat packing 
wastes is necessary. Sulphuric acid is used to adjust the pH of the 
waste and then ferric chloride is added for coagulation with provision 
for returning the sludge. Digestion of floeeulated and primary sludge 
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is practiced. Pre-chlorination of the raw sewage is used for odor con 
trol. Average B.O.D of the packing waste is 2000 p.p.m. with a maxi 
mum of 4000 p.p.m. Chemical costs so far indicated are less than $8.00 
per m.g. for the removal of the objectionable material which would 
affect sprinkling filters. Preliminary results show economical doses 
of iron will give a 40 to 50 per cent reduction in B.O.D. Digested 
sludge will be conditioned with ferrie chloride and dewatered on 
vacuum filters. 

At Rockford, Mich., Hubbell (114) reports on plain sedimentation 
of tannery waste and dewatering of sludge. Spent tannery waste con- 
taining hide, hair and fleshings, with a B.O.D. of over 600 p.p.m., a pH 
of 9.0 and a maximum suspended solids content of 12,000 p.p.m., is 
mixed with sewage. The mixture is settled in two rectangular tanks 
with mechanical scrapers. Sludge is conditioned with lime, using 6.4 
per cent on a dry solids basis, and dewatered on a vacuum filter. The 
feed averages 94 per cent moisture and the filter cake 70 per cent; a 
yield of 2.84 lb. of dry solids per sq. ft. per hr. is obtained. The filter 
yield could be increased by conditioning with ferric chloride, but the 
cost would be greater than that of operating the filter for the additional 
time necessary with the lime conditioning alone. The eake is a good 
soil builder and is readily disposed of on adjoining farm land. 


StreEAM PoLLUTION 


Interest in the general subject of stream pollution has continued 
at the same high level and with the same practical outlook mentioned 
in the report of last year, in connection with the report of the National 
Resources Board. An excellent summary of the present status with a 
suggested outline of a nation-wide system of regulation and control 
has been presented by Hoskins (115). Opening his paper with quo- 
tation of a resolution adopted by the American Association for the Ad- 
rancement of Science ‘‘ Urgently recommending the adoption of legis- 
lation adequate to control pollution of public waters’? Hoskins refers 
to the necessity for conserving public water supplies, increasing dam- 
age suffered by riparian owners, deterioration in recreational and es- 
thetic values, and economic loses suffered by industrial and commercial 
users. He points out that, in the section north of the Ohio and Potomac 
and east of the Mississippi, 65 per cent of the total urban population 
of the country is found in 14 per cent of its total area. The rural 
population in this section has a density of 40.5 persons per square mile. 
He estimates that 75 per cent of the urban population is connected to 
sewers and that equivalent industrial pollution, as determined by va- 
rious river surveys, ranges anywhere from 85 to 124 per cent of the 
pollution from domestic sewage. Not more than one-fifth of this total 
potential pollution load is being reduced by treatment. 

After calling attention to the essentials of an adequate program 
of relief, namely, the acquirement of exact information as to stream 
conditions and capacity and the establishment of a comprehensive and 
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equitable control machinery, he deals specifically with the respective 
responsibilities of federal, state and local administrative groups as 
at present constituted, with the desirability of interstate regional 
boards with some central authority, and of a continuing technical 
eroup, preferably in the central authority, having research and broad 
advisory functions. 

Recreational Use of Waters.—It was probably inevitable that the 
rising curve of popular interest in recreational facilities—in which 
water of some sort is the center of attraction—would eventually meet 
and cross the decreasing curve of cost of waste treatment, brought 
about by extensive research and active commercial development during 
recent years. That this condition is at hand is evidenced by the prom- 
inence of discussions in the current literature in which the recreational 
use of waters largely figures. 

In Massachusetts the Merrimac River, long abandoned to municipal 
and industrial pollution and periodically investigated and approved, has 
at last been officially recognized as having values that exceed those 
hased upon its use as a carrier of pollution. A. D. Weston (116) de- 
scribes briefly, with all too meager analytical detail, the results of an 
extensive investigation inaugurated in 1923 which has apparently been 
continued to date. His conclusions are that the water enters the state 
from New Hampshire in a reasonably satisfactory condition (thus 
nullifying one of the standard objections against any attmept at im- 
provement of this river within the state) ; that it carries a large amount 
of putreseible matter and large numbers of bacteria below Lowell; and 
that below Lawrence and Haverhill it has been in an objectionable con- 
dition. Alternative projects for relief, separate disposal at local treat- 
ment works, and a trunk sewer from Lowell to the sea with less inten- 
sive treatment at the outlet, are compared as to cost and utility, and the 
decision seems to be in favor of the latter project, largely upon the basis 
of more adequate protection of the recreational interests involved. 

A report of a special committee on water pollution made to the Na- 
tional Resources Committee under date of November 11, 1935, attempts 
to evaluate in dollars the loss of recreational values resulting from 
stream pollution. It is held, for example, that on the upper Mississippi 
River damages to land suitable for recreational purposes may amount 
to as much as one and a half million dollars. Dealing with the waters 
of New Jersey it is stated that ‘‘The greatest damage from stream 
pollution is its interference with recreation. For many miles the 
streams of the state are so badly polluted that all thought of their 
recreational use has long since been abandoned.’’ This same report 
deals likewise with actual monetary losses resulting from the destruc- 
tion of wild life and especially the disappearance of fish and the inci- 
dental effect upon real estate values. 

Nelson (117) reports upon an interesting investigation of bathing 
beach pollution at Kingsland Point in Westchester County on the Hud- 
son River. In addition to its specific interest as a study of a local situa- 
tion there is wider significance in the fact that several of the bathing 
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beaches established by the County Park Commission had been closed in 
1933 by order of the County Health Department until adequate chlo 
rination of the sewage of several of the larger nearby communities had 
been put into operation. It is of special significance to note that when 
faced with the alternatives the municipalities involved were quick to 
respond with the necessary remedial measures. Nelson’s report gives 
a before and after picture of the situation at one of these beaches ani 
amply justifies the measures that were adopted. 

Acid Mine Drainage.—The committee report for 1934 briefly touched 
upon the beginnings of what has since become an important measure in 
the protection of some of the tributaries of the Ohio River against ex 
cessive pollution from the acid drainage waters of abandoned coal 
mines. A more complete and much more optimistic report has been 
issued by Tisdale and Lyon (118). The authors believe that activities 
carried on during the year in the State of West Virginia has satisfac 
torily demonstrated the practicability of the procedures of mine seal- 
ing which had been previously developed by laboratory research and 
field experimentation in the U. S. Bureau of Mines. The present re 
port indicates that the active work of sealing abandoned mines has been 
closely followed by an analytical check-up so that the authors are in 
position to report not only upon the feasibility of the operation itself 
but also upon the measure of its effectiveness. It has been determined, 
for example, that in the case of the 215 mines actually closed there has 
been a reduction in the output of acid amounting to 78 per cent of the 
total. It is furthermore estimated that of the total acidity of all West 
Virginia rivers derived from coal mines, active, marginal and aban- 
doned, 66 per cent is removable by appropriate measures, and that this 
task is about 10 per cent complete in terms of total acid or about 12 per 
cent in terms of abandoned mines. The authors undertake the difficult 
task of analysing the economic cost of acid pollution and arrive at cer- 
tain significant figures, such as $500,000 annually in West Virginia for 
damage to concrete work on highway culverts, $25,000 annually for 
boiler water purposes on one railroad system, $50,000 annually for ad- 
ditional chemicals at three water treating plants. Summing up the 
economic loss in the state of West Virginia they estimate it conserva- 
tively at one million dollars annually. They also quote an estimated 
cost of $2000 per day distributed among the various public and indus- 
trial users of water along the 50-mile stretch of the Monongahela be- 
tween the West Virginia line and McKeesport. In Ohio encouraging 
results are likewise reported, in the closure of 38548 abandoned mines at 
a total cost of $112,000. It is stated here that there has been a decrease 
of between 35 and 60 per cent of total acidity in the rivers and that the 
annual expense chargeable to the effects of acid water is many times 
the total cost of the preventive program. 

Oil Pollution.—The extent and effects of various types of oil pollu- 
tion and our meager present-day knowledge of remedial treatments are 
admirably discussed in a report of a special committee of the Confer- 
ence of State Sanitary Engineers (119). Separate consideration is 
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eiven to the two types of pollution due to operations in the field and to 
refinery operations respectively. A third type of pollution, of grow- 
ing prevalence, due to the accidental or willful discharge of oil or oil 
contaminated bilge and ballast waters from ships has not been con- 
sidered. 

Oil pollution from the oil fields affect water supplies by giving them 
oily or otherwise undesirable tastes and odors, and, under certain con- 
ditions, by the introduction of high concentrations of salt. The re- 
finery wastes in addition are responsible for significant increases in 
B.O.D. and likewise in chlorine demand. Agriculture, stock watering, 
fish and shell-fish life and recreational uses of water are likewise 
affected. 

Remedial and abatement methods have been developed to some ex- 
tent, especially by the oil industry itself and the ‘‘ Manual on Disposal 
of Refinery Wastes’’ of the American Petroleum Institute has become 
a recognized authority. Cooperation of industry is further shown in 
a report by Geiger (120) who was faced with a particularly serious 
situation due to the proximity of important oil field areas and valuable 
bathing beaches. He estimates that the industry expended in the 
neighborhood of two million dollars upon improvements and abatement 
methods consisting in the main in piping of waste waters to a disposal 
system where oily matters are separated. 

In the states of Illinois, Indiana, Kansas, Oklahoma and Pennsyl- 
vania abatement activities have been carried out involving in some 
cases chemical treatment of the waters for the removal of odor-produc- 
ing substances, various types of separating devices, impounding for re- 
lease on flood waters and evaporation. 

Irrigation Waters——In a forceful presentation Chapman (121) 
raises the question of the use of polluted waters in irrigation in arid 
regions, with special reference to such practices in Colorado. It is well 
to recall that the early practice of broad irrigation or sewage farming 
was confined for the most part to the irrigation of fodder crops, al- 
though in the early development of this art in California it was ex- 
tended to orchards of nut-bearing trees and citrus fruits and even, in 
some instances, to truck gardening. At the most, however, this latter 
was limited to those garden products which are ordinarily cooked and 
in more recent years California has much more strictly limited the use 
of sewage in irrigation (see section on Filtration). It comes as some- 
thing of a surprise therefore to learn that under present-day conditions 
in Colorado, ‘‘That the grossest kind of pollution is possible under this 
system is shown by the fact that lettuce has been served in public eat- 
ing places with feces adhering to the leaves.’’ ‘‘Even vegetables which 
are grown many miles below the source of pollution were found to reek 
with colon bacilli, and after thorough washing the colon bacillus index 
in many instances was too high to pass them as fit for human consump- 
tion.’? The author makes out a somewhat meager statistical case in 
his graphs, showing the relative incidence of typhoid fever and of diar- 
rhea and enteritis in Colorado, as compared with the United States 
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Registration Area and with certain nearby states likewise depending 
upon irrigation in agriculture. Colorado not only has had the highest 
average rates during the past eight vears but shows the least decline 
in these rates during the past three years. The distribution of these 
diseases among the counties of the state appears to be somewhat closely 
associated with river pollution. The author concludes that the water 
supplies of the state are adequately safeguarded and the milk supplies, 
while not satisfactory, are reasonably uniform over the state. He 
urges protection of the streams from gross sewage pollution and the 
prohibition of the use of polluted irrigation water in the growing of 
such crops as strawberries, vegetables eaten raw or other vegetables, 
the handling of which in the household may lead to contamination of 
food. 

Deoxygenation and Reoxygenation Formulae.—The extensive re 
searches of the U. S. Public Health Service group at the Cincinnati 
headquarters of the stream pollution investigations, extending back to 
1913, have included many studies, based on laboratory and field data, 
of the mathematical relations which have been found to express the 
various states of biochemical oxidation and of reaeration in the stream, 
under various conditions of concentration, temperature, and stream 
flow. The results have appeared from time to time in the various pub- 
lications of the Service and Streeter (122) has recently brought to- 
gether in brief and workable form that part of this accumulated ma- 
terial which represents our best present-day views of these various 
interrelations. The value of the work is greatly enhanced by the il- 
lustrative examples that have been worked out in detail for each ease. 

The nature of this series of publications precludes any useful digest 
that would be shorter than the paper itself and it may be frankly stated, 
both as an admission and a warning, that this materia! will be of slight 
interest to the amateur, and of little practical use in the ordinary so 
called ‘‘stream survey.’’ It is, however, of the greatest practical value 
to any competent persons desirous of obtaining some fundamental 
knowledge of any given stream stretch. In addition to reducing to 
their simplest possible form and illustrating by examples, the various 
complicated formulae involved, the paper serves the distinct advantage 
of suggesting to the investigator something of the minimum require- 
ments of an adequate stream survey. 
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CHEMICAL SEWAGE COAGULATION * 


By Wittem Rvupours anp Harry W. GEHM 


Chief and Assistant, Div. of Water and Sewage Research, New Brunswick, N. J. 


I. Mrrecr or pil 


Some of the faetors which affect sewage coagulation are still more 
or less obscure, while others are known to be of importance, but knowl- 
edge of the extent and the degree of their effects has not been made 
available. During the last few years considerable experimentation has 
heen conducted in our laboratory and some of the work has been ex- 
tended to plant seale trials. Among the factors studied were the effect 
on B.O.D. reduction of pH, length and degree of mixing, type of mix- 
ing, character and age of sewage, pre-settling, return of sludge, type of 
chemicals, relation between chemicals, additive agents and methods of 
application. In addition, studies were made of the relation between 
turbidity, suspended solids and B.O.D. removals. It is the intention 
to present information in a series of papers dealing with individual fae- 
tors and combinations. 

The present paper deals more specifically with the effect of pH 
changes on the removal of suspended solids in different sewages. Since 
the relationship between the various forms of iron salts will be dis- 
cussed in another paper, the results presented here deal only with ferric 
chloride. The iron salt dosage was left constant, while the pH values 
were varied by means of sulphurie acid, lime and sodium hydroxide. 

Procedure.—Samples of sewage were collected from New Bruns- 
wick, Highland Park, Joint Plainfield, North Plainfield and Dunellen, 
Hillsdale, Freehold and Red Bank, N. J. 

The sewage of New Brunswick contains the wastes from a variety 
of industries, is rather weak and fairly fresh. Highland Park sewage 
is strictly domestic, fresh and somewhat stronger. Plainfield sewage is 
considered to be domestic, strong, stale and difficult to treat. The sew- 
age from Hillsdale is from a large State Institution, fresh, with aver- 
age strength. Freehold sewage, containing part of the waste of a 
large industry discharging soaps, dyes, alkalies, ete., is usually stale 
upon reaching the plant and of average strength. Red Bank sewage is 
domestic, stale and of average strength. An indication of the strength 
of the sewages used is shown in the following results of analyses of 
~4-hour composite samples. 

For the purpose of determining the effect of chemicals with varying 
pl values, large catch samples were collected and 11% liter portions of 
each sample were treated with 8.5 p.p.m. Fe in the form of FeCl,. The 
sewages were adjusted over a pH range of from 2.0 to 11.0 by using 
sulphuric acid for the lower pH range and milk of lime to raise the pH 

* Journal Series Paper, New Jersey Agricultural Experiment Station, New Brunswick, 
N. J., Div. Water and Sewage Research. 
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5-Day 

Suspended Solids B.O.D. 

Source P.p.m P.p.m. 
PIG SSPUREWICK 2.56650 eee ce sees Pe re re 114 189 
CU SS ko ee ee Be tole ae Sree tes 175 220 
SS EE OT IT a ee 242 280 
23 ee eee aa ren ae 156 235 
We bic cae ss es dielhis (eevia SG wR aa Mins 232 260 
PEMA SETI 55, os 0's a ey re pee ee 212 192 


* Day sewage only. 


to 9.5, on the alkaline side. For pll values above 9.5 sodium hydroxide 
was used in addition to lime previously added. ‘This was necessary be- 
cause the quantities of lime to raise the pH values above 9.5 were so 
large that they imparted a definite turbidity to the supernatant after 
settling. It should be pointed out that NaOH behaves differently and 
produces a different effect than lime, as will be shown later. After in- 
troduction of the chemicals, with thorough immediate mixing, a 20- 
minute period of slow mechanical stirring was followed by an hour of 
quiescent settling. All samples were mixed for the same period at 20) 
r.p.m. with the stirring apparatus developed by Dr. Lloyd R. Setter and 
shown in Figure 1, using cylindrical glass jars for containers. The 
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Fic. 1.—Stirring apparatus used in laboratory experiments. 


stirring apparatus allows speed varying from 7 to 200 r.pm. The 
actual stirrers are in the form of propeller blades, curving upward to 
impart a rotary, upward motion to the liquid. 

Tests made to determine the purification produced, and thereby the 
efficiency of the treatment, consisted of turbidity, suspended solids and 
5-day B.O.D. on all supernatants. Liquids with pH values below 4.0 
and above 9.0 were seeded for B.O.D. determinations and water con- 
taining 200 p.p.m. NaHCO, was used for dilution. Turbidity was de- 











at tml 














Vol. 8, No. 2 CHEMICAL SEWAGE COAGULATION 197 





termined in a calibrated lined Nessler tube. The amount of sample 
taken for suspended solids varied with the amount of solids present, 
so that by using aliquots from 50 to 200 c.c. sufficient solids were 
weighed to make the determinations reasonably accurate. 


Results 

Before a comparison is made between the different sewages it is 
essential to determine whether the effect of pH adjustment varies ma- 
terially with the quantities of coagulant (iron salt) used. The general 
effect of adjusting the pH values upon the removal of suspended ma- 
terial, when different dosages are used, is shown in Figure 2. The 
ereatest removals occurred at two points. These two points varied 
somewhat with the quantities of iron salt added; the larger the quantity 
of coagulant the nearer the optimum point moves to the neutral point. 
It will be shown later that the optimum points also vary somewhat with 
different sewages and the quantities and types of adjusting chemical 
added. 

With the particular sewage used the greatest removals occurred 
between pH 3.0 to 3.5 on the acid side and pH 9.5 to 11.0 on the alkaline 
side. The less iron used the greater the necessity for close adjustment 
of pH to obtain optimum removals. ‘This is well illustrated by the fact 
that with no pH adjustment and 15 p.p.m. iron, removals were less than 
with proper pH adjustment and no iron added. The less iron used the 
narrower and the further apart the pH ranges for optimum removals. 

When excessive quantities of acid and alkali are added, the effluent 
becomes poorer. In the case of the acid a strong dispersing or rather 
peptizing effect was apparent at a pH value of 2.5, increasing greatly 
when the pH was lowered to 2.0. In the range below pH 3.0 relatively 
large amounts of acid were necessary to produce the desired changes. 
The peptizing effect is undoubtedly somewhat in proportion to the 
amount of acid added. The character of the sewage is also an impor- 
tant factor. 

With increased quantities of milk of lime, suspended solids removal 
increases gradually until the quantity of lime becomes excessive, pro- 
ducing a turbidity of its own which interferes with the measurements 
employed. Sodium hydroxide does not produce the same effect as 
lime, but in order to determine the character of effluents at high pH 
values, NaOH was added after the pH had been adjusted to 9.5 with 
lime. When large quantities of caustic were added to reach very high 
pH values (pH 11.5 and above) large floes or clots were formed which 
left a residual turbidity sufficient to produce effluents unsatisfactory 
from the standpoint of clarification. The increase in residual turbidity 
above pH 11.5 was not progressively greater with the increased amount 
of alkali added, as was the case with the acid, but the effluent remained 
turbid. The behavior of the acid and alkali was similar in all sewages 
used. The character of the turbidity produced by excessive caustic 
or acid appeared to be of a more finely divided nature than the natural 
turbidity due to lack of removal by the floc. 
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To determine the effect of FeCl, on coagulation, a strictly domestic 
sewage and four sewages obtained from different sources were used. 
Turbidity determinations were made on the treated effluents. The 
relation between turbidity, suspended solids and B.O.D. is shown in 
the second paper of this series. The characteristics of the five diverse 
sewage samples are shown in Table I. 


TaBLeE I.—Characteristics of Sewage Samples 


Source Susp. Sol.| B.O.D. pH Remarks 
P.p.m. P.p.m. 
Hillsdale........ 124 175 7.0 Fresh, traces of sulphides | 
Highland Park 178 216 7.2 i FS i 
Freehold. . . 412 500 6.7 Very stale, sulphides high, high 


soluble B.O.D. 




















- o- be . ° ‘ ( 
Plainfield o 710 100 7.0 Macerated, high in sulphides 
Red Bank 512 110 7.0 Much grease, low in sulphides , 
It can be seen that the sewages varied materially in suspended 
solids, B.O.D. and sulphide contents. The results shown graphically 
in Figures 2 and 3 show that the weakest and rather fresh sewage ; 
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Fig. 2.—Effect on turbidity removal of iron dosage at different pH values. 


(Hillsdale) responded to chemical treatment in the most clear-cut 
manner. The minimum percentage removal remained practically con- 
stant between pH 6.5 to 7.5, while the two optima were found to be at 
pH 3.5 and 10.0. With the increase in strength of the sewage (but 
fresh, Highland Park), the pH at which the minimum removal occurred 
was moved slightly to the acid side, while the optima were at some- 
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what lower and higher pH values than for the weakest sewage. With 
a further increase in strength of sewage (rather stale, Red Bank) the 
removal between pH values 4.5 to 10.0 was not greatly increased, so 
that the maximum removals occurred only at pH values of 2.5 and 11.0. 
‘The type of the curves remained in general the same. Very stale and 
strong sewage (Freehold) exhibits the same general curve, but the 
trend gradually changes with the increase in strength of sewage, until 
with a very strong sewage, containing much finely divided material on 
account of a long run through sewers, pumping, ete. and relatively 
large quantities of sulphides (7 to 10 p.p.m.), the curve flattens with 
a series of troughs or a repetition of minor peaks and valleys. The 
practical pH values to produce good removal are at pH 5.0 and 9.5, 
while the optimum removals are reached at pH 3.0 and 11.0. 

In general the greatest percentage removals on the acid side oe- 
curred between pH values of 2.5 and 3.5. The percentage removals 
were all of about the same magnitude, although the best removal was 
secured (97.5 per cent) in a sewage of average strength. In the weaker 
and stronger sewages the peak of removals was about 90 per cent. 
Other and additional results indicate that the differences in the case of 
strong sewage are due to use of insufficient coagulant. It should be 
remembered that the iron salt dosage was kept constant for all sewages 
at 8.5 p.p.m. as Fe. The slightly lower percentage removal in the 
weaker sewage was due to insufficient suspended solids to form a floc 
of sufficient bulk to produce maximum removal with the constant time 
of settling employed (one hour). The range of pH values at which 
peak removal occurred is also wider for the medium strength sewage. 

If it is correct that the addition of acid causes a peptizing effect, 
exhibited by an increase in turbidity, we should find not only a rise in 
turbidity with the greatest amounts of acid added, but the rise in tur- 
hidity should also be shown at a higher pH in the weaker than in the 
medium and stronger sewages. 

This peptizing effect would be shown best after the optimum point 
of coagulation has been reached. As an example, the results on four 
sewages, with about equal quantities of original suspended solids, are 
shown in Table IJ. Only small differences in the quantities of acid 





TaBLE II.—I/ncrease in Turbidity on Addition of Acid (100% H»SOx) 











Susp. Solids, Parts per Million 

Raw | Se ee a ———— 

Sewage 257 | 272 | 281 301 

pH | Turb. | Acid. | Turb. | Acid. Turb. | Acid. | Turb. | Acid. 
Ppm. | Ce. | P.p.m.| Ce. | P.p.m.| Ce. | P.p.m. | Ce. 

3.5 } 20 | 022 | — | — — —- | — | = 

3.0 | 922 | (0:23 oy 6 OR st 20 | OD | 35 | 0.23 
| | | | 

2.5 33 | 0.45 | 16 | 0.3 | 25 | 0.50 | 45 0.45 

2.0 | 100 | 1.00 | 31 0.6 | 81 | 1.00 | 120 1.00 

1.5 | — | — | 142 2.5 | 128 | 2.50 160 2.50 
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were required to obtain the same pH values in these different sewage 
samples. After the optimum pH for best coagulation is reached the 
turbidity increases with the quantity of acid used but not necessarily 
in direct proportion. The increase in turbidity is undoubtedly related 
to the character of the sewage, which in turn affects the stability of 
the chemical floc and the degree of peptization. 

The rise in the percentage increase in turbidity, as shown by the 
curves, was most marked in the weakest, less in the medium and least 
in the strongest sewage. The actual quantity of dispersed material 
appears to remain constant when the concentration of the suspended 
solids is decreased by the settling of settlable solids. As an example 
the mean results of four determinations with varied settlable sus- 
pended solids obtained by pre-settling are shown in Table IIT. The 
point of maximum removal occurred in all instances at pH 3.0. 


Tae II].—Effect of Varying Settlable Solids 


P.p.m. Turbidity at 


P.p.m. Susp. P.p.m. Turbidity 
Solids Increase 
pH 3.0 pH 2.5 
150 28 12 I4 
330 27 1 17 
570 26 10) 14 


By decreasing the pH value by an increment of 0.5 the increase in 
turbidity remained constant. It appears therefore that the acid acts 
on a certain portion of the finely divided suspended solids, causing re 
dispersion, giving more evidence that in coagulation the interest lies 
specifically with the finely divided solids and that the character of the 
solids is of importance. The question of the value of pre-settling will 
be discussed later in more detail. 

By raising the pH values with lime a steady rise in the removal of 
suspended solids occurred up to pH 9.5, which was the practical limit 
for lime addition. Again, best results in terms of percentage removals 
were obtained in the medium strength sewage, where removal at pH 
9.5 was 90 per cent as compared to 78 per cent in the weak and 74 per 
cent in the strong sewage (Figure 3). 

This is decidedly a more marked difference than was evident on the 
acid side. Here several factors may account for the difference in the 
percentage removal. From data at hand we know that when lime and 
iron are used for coagulation the amount of suspended solids present 
in finely divided form is an important factor in the removal. Settlable 
or coarse solids are of little importance in this respect, because they 
are removed mechanically. The iron coagulant requirements of the 
different classes of suspended solids will be discussed in a subsequent 
paper. It is sufficient to state at present that there is a medium con- 
centration of finely divided solids where best removal occurs. This 
effect is not evident at the peak of removals when low pH values are 
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employed. In addition to the effect of finely divided suspended solids 
concentration, the soluble materials present may exhibit a similar con- 
centration action. Furthermore, factors such as iron salt deficiency 
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Fic. 3.—Relation between pH values and turbidity removal. 


in the ease of strong sewages, degree of fineness of material in weak 
sewages, ete., play a role in reducing the removals of absolute quanti- 
ties of suspended solids as well as the percentages. 

In general high removals occur in all sewages at pH values 10.5 to 
11.0, but the magnitude changes somewhat with the character of the 
sewage. When weak, medium and strong sewage samples from the 
same source are used, the percentage removals are in the order of the 
strength of the sewage, 7.e., the highest percentage removal occurs with 
the weakest sewage, provided the same quantity of coagulant is used 
and the same pH value is employed. 
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Attention is called to a peculiar phenomenon occurring in all sew- 
ages at pH values 9.5 to 10.0. Examination of the curves reveals a 
more or less pronounced drop in the percentage removal of suspended 
solids at these pH values, usually followed by a steep rise in the curves. 
Repetition of the tests showed that this drop in removals followed by a 
rise at pH 10.5 to 11.0 oceurred persistently in all sewages tried, with 
very little variation in the magnitude of the changes for each particular 
sewage. The extent of the drop is dependent on the type of the sewage 

There is no apparent relation between the quantity of suspended 
solids or B.O.D. of the sewages and the extent of dips and rises in the 
percentage removal curves, when comparing different sewages. How 
ever, with an increase in staleness and degree of maceration of solids, 
the number of dips and rises increase over the whole range of pH 
values. If it is assumed that the greatest percentage removal occurs 
at the so-called ‘‘iso-electric’’ point of the sewage, maceration would 
result in greater division of solids and presumably in increased produc. 
tion of colloids with different ‘‘iso-electric’’ points, while partial bio 
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Fig. 4.—Relation between pH values and turbidity removal in strong and/or stale sewage. 


logical decomposition might result in production of salts of varying 
buffering effects and combining powers. The further the partial bio- 
logical decomposition progresses the greater the shift would be from 
the original ‘‘iso-electric’’ point, or the more specific substances are 
changed, the greater would be the number of points at which partial 
coagulation will occur. Referring to the increase in optima shown in 
the curves, it is clear that with the increase in staleness of the sewage 
such an explanation would fit. At the same time any trade waste added 
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may materially influence the shift in ‘‘iso-electric’’ points, or in other 
words, affect the degree of coagulation when different quantities of 
coagulant are added at a given pH value. This again is shown in the 
curves presented. Nevertheless, all sewages experimented with pro- 
duce the same type of curve, so that for a particular sewage the opti- 
mum conditions for coagulation can be speedily determined. The de- 
termination of optimum conditions, as far as pH and iron salt are 
concerned, would be simplified if a rapid method were available to 
determine the iron demand of the particular sewage. It will be shown 
in subsequent papers that definite relations can be established between 
the iron demand and results of certain analyses made on the sewage. 


Discussion 


From the standpoint of practical chemical coagulation of sewage a 
number of factors are of importance. Before much advancement can 
be made it is essential to know more about the basic principles involved. 
[t is virtually impossible to present all factors at one time and to reach 
conclusions that will adequately cover the work involved. A series of 
short papers will therefore be published, showing the effect of several 
factors, how they are modified, how they are related to findings in other 
fields and what their practical importance is in treatment of sewage. 
By presenting results obtained with sewages collected from different 
sourees, ranging from fresh, weak domestic to very stale sewage, ex- 
tremely difficult to treat, it is hoped that ultimate conclusions will have 
greater and more general value. 

In sewage coagulation there are in general two zones of pH values 
where optimum removal of suspended solids takes place. These zones 
are shifted or modified with variations in septicity, quantity and type 
of trade waste, and quantity of iron coagulant used. The effect of the 
quantity of iron coagulant is much less important than the effect of 
septicity of the sewage. Maximum removal of suspended solids is 
greater in the acid than in the alkaline range. From a practical stand- 
point the range to be used in fresh sewage coagulation will therefore 
depend upon factors such as the initial pH of the sewage, ease of appli- 
cation and degree of corrosion of sewage works structures. Coagula- 
tion of stale sewage, containing large quantities of finely divided sus- 
pended solids, is probably accomplished most successfully in the al- 
kaline range. However, several other factors may modify this con- 
clusion. 

Perhaps the most important conclusion to be drawn from the results 
presented is that all sewages behave fundamentally the same when iron 
coagulants are used, but that results obtained will vary with the type 
of sewage to be treated. 

Summary 


Sewages obtained from five different municipalities were treated 
with iron salts over a pH range of 2.0 to 11.5. Turbidity measurements 
were used to determine the degree of clarification. It was found that 
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optimum clarification occurred in two zones or pH ranges, one on the 
acid side and the other on the alkaline side, namely at pH values of 2.5 
to 3.5 and 9.5 to 10.5. The optimum points of coagulation shift or are 
somewhat modified with variations in septicity, quantity and type of 
trade waste, and quantity of iron coagulant used. The reasons for the 
shifting of the optimum point of coagulation are discussed. Acid used 
for pH control appears to have a peptizing action on a certain portion 
of the finely divided suspended solids, and remains constant with a 
given quantity of acid. 


Il. Revation Between Tursipiry, SusPENDED Sonips anv B.O.D. 


In the preceding paper the clarification of sewage by FeCl, coagu 
lant at different pH values has been studied by measuring the removal! 
of turbidity. In sewage coagulation we are particularly interested in 
the removal of finely divided suspended material which ordinarily will 
not settle during the usual detention time provided. Removal of total 
suspended solids, however, is more frequently used to determine effi 
ciency of clarification, while B.O.D. reduction is used as an index of the 
removal of putresible material and stability of the effluent. It is there- 
fore, of considerable interest to know whether a simple turbidity deter- 
mination will give an indication of the removal of suspended solids and 
of oxygen demand when coagulants are added. 

Procedure.—Samples of sewage collected from five different mu 
nicipalities, varying in strength and staleness, were treated with and 
without ferric chloride as a coagulant over a pH range of 2.0 to 11.5. 
For lowering of the pH values sulphuric acid was used, while milk of 
lime was employed to raise the pH values to 9.5. For pH values above 
9.5 sodium hydroxide was used in addition to the milk of lime. After 
introduction of the chemicals the sewages were mixed rapidly, followed 
by 20 minutes mechanical stirring at 7 r.p.m. The coagulated sewage 
was then allowed to settle for a period of one hour. 

Tests made consisted of determinations of turbidity, total suspended 
solids and 5 day B.O.D. on the effluents. Liquids with pH values below 
4.0 and above 9.0 were seeded for B.O.D. determinations and water 
containing 200 p.p.m. NaHCO, was used for dilution. Turbidity was 
determined in a calibrated, lined Nesler tube. Suspended solids were 
determined on varying amounts of aliquots, depending upon the quan- 
tities of suspended solids present. 

Results—As an example of the close agreement between total sus- 
pended solids and turbidity in chemically treated effluents over the pH 
range employed, resulted, a series of tests are shown in Figure 5. The 
turbidity, expressed in p.p.m. remaining in the effluent, runs slightly 
higher than total suspended solids. This may be in accord with the 
fact that small quantities of very finely divided suspended solids pass 
through the mat in a gooch crucible and are included in turbidity meas- 
urement, but turbidity varies also somewhat with the size of the floc. 
For these reasons we can not attach much significance to slightly higher 
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turbidity readings. At the same time the size of the floc varies with 
the chemical dosage, type of mixing, pH range, ete. When the effluent 
is distinctly turbid and passage through a gooch crucible leaves only 
traces of suspended solids on the mat for weighing, the turbidity 
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Mic. 5.—Relation between turbidity and suspended solids remaining in the effluents. 


method of ascertaining small quantities of suspended solids present in 
chemically treated sewage is perhaps better than the weighing of the 
previously dried material. 

Our experiments show that under certain conditions the effluent re- 
mained turbid, yet in filtering 200 ¢.c. samples no weighable amounts 
of solids were collected. The dispersing and/or peptizing effect of the 
chemicals upon the suspended solids is an important factor in such de- 
terminations. Occasionally, a sample shows a light pin-point floe in a 
clear liquid. This floe does not appreciably impair visibility, but is 
measurable as suspended solids. This condition occurs at low pH 
values, whereas the reverse occurs more frequently at high pH values. 
Differences between total suspended solids removal and _ turbidity 
measurements may also be affected by the fact that on drying the sus- 
pended solids a fraction of the material volatilizes, making the sus- 
pended solids determination less reliable. In addition, the turbidity 
measurement is less readily affected by sampling than the suspended 
solids determination. 

The curves indicate a very close agreement between suspended solids 
and turbidity removals at pH values 9.5 to 11.0. In order to obtain pH 
values above 9.5 the calcium hydroxide was supplemented with sodium 
hydroxide. As pointed out in a previous paper, the NaOH behaves dif- 
ferently than the Ca(OH).. In these ranges the finely divided particles 
are readily flocked out by the combination of chemicais, resulting in 
readings of turbidity and determination of suspended solids which are 
almost identical. 
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The mass of results obtained in the operating pH range shows the 
same relationship as shown in the figure for the much wider range of 
pH values. Of greatest interest is the fact that the relation between 
turbidity and suspended solids in the effluent of chemically treated sew- 
age does not materially change with different sewages. The difference 
in p.p.m. between turbidity and suspended solids of a chemically treated 
stale sewage may be somewhat larger than of a fresh sewage treated in 
the same way, or the difference may be slightly less with larger dosages 
of chemicals, but ordinarily the difference between the suspended solids 
and turbidity remains rather constant for a given sewage or for a given 
type of treatment. This enhances the value of the turbidity method 
materially for rapid determination of coagulant dosage and for an indi- 
cation of probable clarification results to be obtained. 

The method has been applied to plant operation and found to be ap 
plicable in every instance. Application at one place where strong stale 
sewage was treated over a period of six months showed that the aver- 
age variation between turbidity and suspended solids was 4 per cent, 
while operation results at another plant over a period of three months 
where a medium, rather fresh sewage is handled, showed an average 
variation of 3 per cent. At still another plant where medium strong, 
somewhat stale sewage is treated, the results to date are equally satis- 
factory. The operating results obtained at one plant varied between 
60 and 90 per cent suspended solids reduction, while at another the 
variations were between 68 and 92 per cent suspended solids reduction. 
The maximum difference between suspended solids and turbidity oc- 
curred at the lower suspended solids removals. These results indicate 
a close agreement obtained under operating conditions and those found 
in the laboratory. 

Turbidity and B.O.D.—The relation between turbidity removal and 
biochemical oxygen demand reduction is much less close than between 
turbidity and suspended solids. An example of the relation between 
the percentage turbidity removal and the percentage B.O.D. reduction 
is shown in Figure 6. In general there appears to be a relationship, 
and B.O.D. reduction was largest when the largest amount of turbidity 
was removed. The example shown deals with average results obtained 
with a number of domestic sewages. The general relationship holds 
for results obtained at low and high pH values, but becomes less 
regular. With increase in staleness of sewage the relationship be- 
comes less and less clear. This is illustrated by the results obtained 
on five different types of sewages coagulated at low and high pH values 
(Table IV). It is true that in general less turbidity remains with a 
greater percentage B.O.D. reduction, but the relationship changes in 
degree with increases in removal. This is due to the variation in the 
quantity of B.O.D. present as residual B.O.D. The residual B.O.D. is 
caused both by soluble material and suspended solids; with the removal 
of practically all suspended matter the remaining B.O.D. is caused by 
material in solution. This material in solution would have to be sub- 
tracted to allow formation of a base line for comparison. Without a 
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mass of results available from a number of plants under different con- 
ditions, the projection of a base line is of little practical interest. 

The fact that under different conditions varying quantities of re- 
sidual B.O.D. are present brings up two questions, first, can chemical 
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Fic. 6.—General relationship between turbidity and B.O.D. removal. 
treatment remove some or all of the soluble B.O.D. in addition to sus- 
pended solids, and second, are considerable quantities of substances 


rendered soluble by the chemicals added, thereby increasing the re- 
sidual B.O.D.? 


TaBLE IV.—Relation Between Turbidity Remaining and B.O.D. Removal in Acid and Alkaline 














Ranges 

Sewage | pH | 2.0 | 2.5 | 3.0 | 3.5 | 4.0 | 9.0 | 9.5 | 10.0) 10.5 11.0 
Freehold Turbidity, p.p.m. 56 | 25 | 35 | 45 | 46 | 76 | 75 | 55 | 58 | 55 
B.O.D., % 35 | 48 | 45 | 30 | 24 | 20 | 26 | 36 | 30 | 42 

Hillsdale Turbidity, p.p.m. 40 | 25 | 20 5 | 20 | 20 | 20 LF 5 5 
B.0.D., % 54 | 75 | 70 | 73 | 67 | 63 | 60 | 71 | 69 | 69 

Plainfield Turbidity, p.p.m. | 84 | 40 | 30) 55 | 62 | 34 | 25 | 50 | 30 | 20 
B.O.D., % 65 | 70 | 82 | 67 | 72 | 77 | 81 | 74 | 85 | 81 

Highland Park | Turbidity, p.p.m. | 35 | 10 5 5 | 15 | 44 | 20 | 60 | — | 15 
B.0.D., % 67 | 71 | 73 | 74 | 59 | 50 | 60 | 49 | — | 80 

Red Bank Turbidity, p.p.m. 40 | 25 | 42 51 | 85 | 65 | 62 | 68 | 39 | 28 
B.O.D., % 68 | 76 | 66 | 66 | 57 | 35 | 44 | 55 | 48 | 61 
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The first question is concerned with the nature of the soluble solids. 
The evidence to date shows that the chemicals employed are capable of 
reducing the soluble B.O.D. only to a small extent, but further work 
under way may modify this statement. However, with increased stale- 
ness, resulting in increased soluble B.O.D., no substantial removal 
seems to occur. The second question is uhder investigation and it 
seems doubtful that considerable quantities of materials are rendered 
soluble by the chemicals added to a domestic sewage in the working 
range (3.5-9.5) of pH values. 


Discussion 


From the results obtained it appears that with chemical treatment 
the quality of the effluent and the efficiency of the treatment can be 
judged quite accurately and rapidly by turbidity measurements. Sus- 
pended solids removal can be estimated from the turbidity figures so 
that the turbidity measurement can be used as a rapid tool for opera- 
tion and control. In general there is also a relation between the re- 
moval of turbidity and B.O.D. reduction. It is evident that the average 
results on a number of sewages, or the average results on a particular 
sewage may show a more or less definite relationship between turbidity 
and B.O.D. reduction, but that individual tests or even groups of tests 
may show considerable fluctuation. This is more specifically the case 
where a high degree of treatment is practiced. With partial chemica! 
treatment the relationship between turbidity and B.O.D. is closer, but 
here again the character of the sewage, staleness, presence of consider- 
able quantities of trade wastes, ete. play a role. Although turbidity 
measurements are of some value and are desirable because of their 
simplicity, they are of little practical importance where more specific 
results are required. Nevertheless, such a simple and easy determina 
tion may conservatively aid in operation and in saving chemicals, since 
adjustments can be made immediately to suit conditions. 

In operation, the type and character of the floe formed is used as an 
indication of the effectiveness of the coagulant used. As will be shown 
later the character of the floc varies with the kind and amount otf 
coagulant used, as well as with the type of sewage treated. Routine 
pH determinations of the effluent afford control of treatment, since the 
pH value of the effluent is practically identical with the pH value of the 
mixed liquor. The simple turbidity measurements of the effluent and 
pH determinations of the sewage and effluent give the operator two 
handy tools, whereby the process can be controlled and the dosages of 
chemicals regulated with a good measure of dependability. An almost 
exact relationship existed between the pH of the sewage chemical mix 
ture and the effluent pH values throughout the entire series of experi- 
ments. This checks with plant observations made at various places. 


Summary 


Comparison of turbidity measurements with total suspended solids 
removal in chemically treated sewage effluents shows a definite relation- 
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ship over the entire pH range tried (pH 2.0-11.0). For practical pur- 
poses the relationship holds for different types of sewages as well as 
for sewages of different character. There is a general relationship be- 
tween the quantity of turbidity remaining and the amount of B.O.D. 
removed, but the relationship is affected by the age of the sewage, 
quantity and type of trade waste present, ete. Together with pH de- 
terminations of the sewage and effluent, the turbidity measurement is 
a simple and easy tool to control the process and regulate the chemical 
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CARBON DIOXIDE PRODUCTION IN MIXTURES OF 
SEWAGE AND ACTIVATED SLUDGE * 


By H. HevKketEKIAn 


Associate, Div. Water and Sewage Research, New Brunswick, N. J. 


A number of important contributions have appeared on the oxveen 
demand of sludges, particularly dealing with activated sludge. The 
sxarliest contribution to this subject was made by Grant, Hurwitz and 
Mohlman.? They discussed in detail the difficulties involved in the di 
rect measurement of the volume of oxygen absorbed and to overcome 
these difficulties they developed a method in which they determined the 
dissolved oxygen content of the liquor, which was kept under aerobic 
conditions for definite intervals of time with constant stirring. Theri 
ault and McNamee‘ introduced air into the mixture in a closed system 
and determined the oxygen absorption by analysis of the gas. Oxygen 
was determined by the Winkler method after it was dissolved in water. 
Some results on the initial oxygen demand and the reduction of oxygen 
demand on aeration obtained by the B.O.D. dilution method were pre 
sented by the present author.’ Oxygen utilization by activated sludge 
was also studied by Kessler and Nichols,* by measuring the rate of 
disappearance for short periods of time of dissolved oxygen either pres 
ent in the sludge initially or added to it by the dilution water or aera 
tion. Burtle and Buswell’ made measurements of the direct oxygen 
absorption by sewage and other materials by the Nordell apparatus, a 
full deseription of which is given in the article. 

Finally, as a result of the work at the London School of Hygiene 
under the direction of Topley, the Water Pollution Research Board 
considered the B.O.D. and the other available tests not entirely satis 
factory for the purpose of study of purification of sewage by the acti 
vated sludge process. They determined the rate of oxygen absorption 
by the Barcroft respirometer, which measures the volume of oxygen 
absorbed by use of a manometer. 

It will be seen from this brief discussion that there has been a need 
for a rapid and accurate method of determining the rate of oxidation of 
sludges. All the methods, however, have been based on measurements 
of the oxygen absorbed, with or without dilution, and either by meas- 
urement of the volume of gas or by volumetric determination of dis- 
solved oxygen. It seemed to us that in spite of the variety of methods 
available there was an actual need for a less complicated and less ex- 
pensive apparatus than indicated by most of the above methods. This 
new method should also be free from the objectionable features of the 
regular B.O.D. determination or the short period of contact of un- 
diluted samples. 

The production of CO, has been extensively used in microbiological 


* Journal Series Paper, New Jersey Agricultural Experiment Station, New Brunswick, 
N. J., Div. Water and Sewage Research. 
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and in biological studies for determination of the rate of oxidation of 
organic materials. The equipment necessary for this determination is 
relatively inexpensive and the method is simple. Dilutions are not 
necessary and large volumes of the test material can be used. It is 
true that this method does not measure directly the oxygen consump- 
tion but only the product of oxidation. But since there is a direct re- 
lationship between oxygen consumption under aerobic conditions and 
CO. production, it can safely be used for determining the rate of oxida- 
tion. Generally the ratio of CO, production to O, consumption (re- 
] spiration quotient) is 1:1, in substances similar to sugars in their com- 
position. However, under certain conditions and with some compounds 
such as fats, ratios as low as 0.7:1.0 have been observed. Whenever 
the ratio is less than 1:1 some of the carbon must be left in the medium 
° as organic acids or other incomplete products of oxidation. For this 
reason, until further investigations show the exact ratio it may not be 
safe to convert the CO, production values directly to oxygen consump- 
tion. 

. This method, as far as we are aware, has not been applied in in- 
vestigations of the rate of oxidation of sewage and sludges in aerobic 
systems. The following investigation was therefore undertaken for 
the purpose of evaluating the rate of oxidation of such materials by the 
use of an index of CO, production. 


METHODs 


The method employed in this laboratory consists in placing the test 
material in appropriate tubes fitted in the bottom with fritted-glass filter 
crucibles for air diffusion. The top of the tube is connected to a suit- 
able gas absorption device. In this laboratory we use for this pur- 
pose a 25 ee. capacity 10-bulb gas absorption tube, as indicated in 
igure 1. When the CO, production is high, such as in activated sludge 
mixtures, an additional reservoir is placed ahead of the absorption 
tube. The absorption tube is filled with standard barium hydroxide 
solution (.1 N or .2.N). For sewage one-liter quantity is convenient, 
while for sludges 100 to 200 ¢.e. will be found to give sufficient CO.. 
The size of the tubes will therefore depend on the type of material to 
be tested. Air freed from CO, is bubbled through the test material and 
the CO, evolved is absorbed in the barium hydroxide solution in the 
absorption tubes. At suitable intervals the CO. produced can be deter- 
mined by titrating with standard oxalie acid, using phenolphthalein as 
indicator. -Aeration ean then be continued as long as necessary, with 
as frequent intervals of determining the amount of CO, produced, as is 
desirable. A series of these units were set up in a 20° C. ineubator. 

The general method of setting up an experiment was as follows: 
Different amounts of returned sludge were introduced into sewage and 
placed in the apparatus described above. For each series the rate of 
CO, production from the sewage and returned sludge alone was also 
determined. 
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These experiments were started in October, 1933, and continued 
with interruptions until November, 1934. All samples of sewage were 
obtained from Plainfield, N. J., and all the returned sludge, with one 
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exception, from the Tenafly, N. J., activated sludge plant. In Series 
IV the returned sludge was obtained from the Hillsdale, N. J., institu- 
tional plant. 
RESULTS 
Comparison of the Rate of Oxidation by the B.O.D. and CO. 
Production Methods 

A comparison of the oxidation rates of sewage, activated sludge and 
fresh solids is given in Table I. The fresh solids were diluted with tap 
water to approximately the same concentration as the activated sludge. 
B.O.D. determinations were made at daily intervals for five days, of the 
initial materials and the material after five days of aeration. The CO. 
production was measured. The carbonate content and the pH value of 
the materials were also determined. 

The oxidation of the sewage and activated sludge was consistently 
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higher, as measured by CO, production, than by the B.O.D. The 
CO.:B.0.D. ratio of sewage varied between 1.41 and 1.13. In the acti- 
vated sludge the ratio was 2.14 initially and 1.52 at the end of five days. 
These differences should be attributed to acceleration of oxidation by 
the aeration employed for CO, determination. It has been claimed 
that, above a minimum oxygen tension, the rate of oxidation is not 
affected by the dissolved oxygen content of the menstruum. However, 
in the aeration process a more intimate contact is produced between the 
bacteria and their food, resulting in an accelerated oxidation. In the 
B.O.D. determination a partially anaerobic stabilization of the mate 
rial settling to the bottom may take place, resulting in a lower oxygen 
demand. One or both of these factors may explain the generally wider 
CO.:B.0.D. ratio of activated sludge over sewage. Results reported 
elsewhere * indicated that the aeration of sewage for 48 hours resu!ted 
in a greater percentage decrease of B.O.D. (av. 52.1 per cent) than 
similar aeration of returned sludge (av. 51.2 per cent). Since the 
comparisons made at that time were based on oxidation of the mate- 
rials by the B.O.D. method, before and after aeration, the results are 
not necessarily contradictory to the present observation. When simi 
lar comparisons are made for the present study by comparing the 
B.O.D. before and after aeration, we find that sewage on the fifth day 
of aeration had 84.7 per cent of the initial 5-day B.O.D. satisfied and 
activated sludge only 77.6 per cent. With a shorter period of aera- 
tion, as in the previous study, the differences would probably have been 
greater. 

The rate of oxygen consumption per day, as determined from the 
amount of oxygen taken up by the materials before and after aeration, 
compares closely with the percentage of the 5-day CO, produced per 
day, in the case of sewage. For activated sludge the rate of oxidation 
as measured by CO, production is higher than the rate of O, up-take 
during aeration. 

The carbonate content of sewage did not decrease with aeration, 
while in activated sludge aeration a 120 p.p.m. loss of carbonates was 
observed. This would account for only 52.8 p.p.m. of CO., which would 
not be sufficient to account for the large differences between CO, pro- 
duction and B.O.D. in this material. The pH of activated sludge, after 
rising from 6.8 to 7.4 in two days, dropped to 6.4 after five days of aera- 
tion, indicating probably that nitrification had set in. 

In the case of fresh solids the B.O.D. for the first three days was 
higher than the CO, production during the same period, resulting in a 
CO,: B.O.D. ratio of less than unity. The B.O.D. of this material after 
five days of aeration was not materially lower than before aeration. 
In fact, the 1-day and 5-day B.O.D.’s were actually higher after aera- 
tion than before. This interesting contrast with the results obtained 
with sewage and activated sludge would indicate that CO, production 
was retarded by the low initial pH and the lack of suitable oxidizing 
flora. The initial B.O.D.’s of this material were approximately the 
same as the initial B.O.D.’s of the activated sludge, indicating that the 
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factors retarding the CO, production from this material were not so 
important for the B.O.D. determination. The pH is regulated in the 
}.0.D. determination by the sodium bicarbonate dilution water. The 
increase of the B.O.D. after five days of aeration over the initial B.O.D. 
might be ascribed to the greater rate of oxygen consumption by the 
products of decomposition liberated during aeration. The rate of CO, 
production from this material was lower initially than from sewage. 
After the second day the rates from all three materials approached each 
other. The activated sludge, in spite of the previous oxidation process 
which presumably would remove the readily oxidizable material, ex- 
hibited the greatest rate of CO. production during the first two days. 
The oxidizing flora already established in this material would offer the 
necessary explanation of this phenomenon. In the aeration of sewage 
the pH was not a limiting factor but the low rate of CO, production was 
probably caused by the deficiency of the oxidizing flora. In the fresh 
solids both the initial pH values and the bacterial flora were unfavor- 
able for oxidation. 





CO, Production from Sewage and Activated Sludge Mixtures 


Kight series of experiments were conducted, using eight different 
lots of sewage and returned sludge. Only two of the series are given 
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in Figures 2 and 3, which represent the cumulative CO, production per 


liter of sewage and sludge and their various mixtures. It will be seen 
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that CO, production increased with increasing amounts of returned 
sludge added to the sewage. The inflection of the curves changed after 
the third and fourth days, corresponding possibly to a similar change 
in the inflection of the B.O.D. curves observed with longer periods of 
incubation, which is usually ascribed to the change from the stage of the 
decomposition of carbonaceous materials to the decomposition of ni- 
trogenous materials. 

It is of interest to observe also that in five days the two sewages 
alone produced 800 mgm. of CO, per liter. If we apply the CO. pro- 
‘duced to oxygen consumed ratio of 1 this would correspond to a B.O.D. 


-of 800 p.p.m., which is somewhat higher than the expected B.O.D. for ‘ 
sewages of such strength. It has already been shown, however, that q 
CO.:B.0.D. ratios for sewage are higher than one. a 
The CO, productions from the eight different sewages used in the a 
course of these experiments are assembled in Figure 4. In order to a 
put them on a more or less comparable basis the results are expressed t] 
as mgm. CO. produced per mgm. suspended solids. It was not expected is 
that such an expression would do away with the other variables in the le 
sewage, such as the amount of organic colloidal and soluble materials. ) 
Thus we observe variations of from 1.4 to 3.6 mgm. CO, per mgm. sus- t] 
pended solids in four days. Similar variations are observed when the 
CO. production per mgm. suspended solids of the various returned W 


sludges are compared, as in Figure 5. Here the 4-day values for the 
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different sludges fall between 0.10 and 0.48 mgm. of CO, per mgm. sus- 
pended solids. These values correspond closely to the B.O.D. values 
obtained by the dilution method.’ 
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The differences in the rate of CO, production of the various samples 
of sewage and sludge should be attributed to differences in the char- 
acter of the materials. Even in a given plant the character of the sew- 
age changes rapidly. The stage of oxidation of activated sludge is 
also subject to fluctuations. The suspended solids of the different sew- 
age samples varied from 165 to 480 p.p.m. without any correlation with 
the yield of CO... The soluble material, which is readily oxidized and 
is independent of the suspended solids content, might account for this 
lack of correlation. Furthermore not all the constituents of the sus- 
pended solids are equally oxidizable and the relative proportion of 
these components may vary. 

The CO, production on the basis of unit amount of suspended solids 
was lower from returned sludge than from sewage. The lowest yield 
of CO, from sewage was considerably higher than the highest yield 
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from returned sludge. This should be attributed to the oxidation of 
the organic matter during circulation of the sludge. In the same way 
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the differences in the various sludges should be explained on the basis 
of differences in the stage of oxidation. 


CO. Production from Sewage and Sludge Miatures as Compared with 
the CO, Production from Sewage and Sludge Alone 


In Tables IT and IIT are presented the differences in CO, production 
between the caleulated and observed values for the various sludge and 
sewage mixtures in five series of experiments. The calculated results 
for the mixtures were derived from the CO, production rates of the sew- 
age and sludge alone and the proportions of sewage and sludge in each 
mixture. Similar ecaleulations for the remaining series could not be 
made because of lack of sufficient data. 

In three of the series the observed results were consistently higher 
than the calculated results. The differences generally increased with 
the period of aeration as well as with increasing concentrations of 
suspended solids. 

In Table III, however, are shown the results of two series which 
show higher caleulated than observed results throughout the greater 
part of aeration. During the first six hours of the aeration period in 
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TaBLE I].—Difference in the CO. Production Between Observed and Calculated Values 


























Mgm. CO,/L observed minus mgm. CO,/L (calculated) 
| Suspended ae Hours i 
| Solids P.p.m. ae 
6 12 24 48 96 
_| valine Le Pao ae eras 
690 32.8 130.0 163.0 ~ 
eee 2 1385 68.0 “ 156.0 165.0 
nies | 2920 112.0 256.0 308.0 - 
| 5690 120.0 325.0 415.0 — 
= siacedepaeilc Ee eee i pea ieeasienaes aie hinprinisiiieaiath 
920 3.6 45 116 192 269 
aia | 1585 47 114 172 275 333 
akc | 3260 74 191 262 367 393 
| 5595 14 91 223 317 313 
450 0.3 9.9 38.0 | 92.5 183.0 
Seite YI 840 20.5 54.2 116.0 | 185.0 281.0 
ee | 1675 | 50.5 105.0 126.5 184.0 35.4 
| 2410 | 58.5 111.5 64.0 38.0 66.5 














TABLE III.—Difference in CO, Production Between Calculated and Observed Values 
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Mem. CO./L calculated minus mgm. CO,./L observed 












































Suspended —_— 
Solids P.p.m. | 2 ea 
| | 
| | 6 | 12 | 24 | 48 | 72 | 9%6 | 120 | 144 
620 |-62| - 12.1} 46.8 | 366] 15.0| -99] 208 
Series VII | 1020 | -13.9 | — 53.0 | 120.0 | 117.0 | 157.0 | 159.0 | 200.0 
a } 1770 | -95} — 24.2| 81.0 | 73.5 | 296] 64.5 | 110.0 
| 3020 | -16.5| — 40.6 | 142.0 | 155.0 | 212.0 | 342.0 | 458.0 
= as | — ueeeians 
| 870 —24.9/-154] 40] 230|/ 146] 730] 925] — 
Series VIII | 1845 | -34.8| —46.8] 18.2| 55.0 | 384 | 91.0 | at 
ar | 2185 | —52.0| —40.2| —20.8| 111.0 | 146.0 | 260.0 | 246.0 | — 
. | 3360 | -74.2| -66.0| —46.5| 153 | 168.0 | 143.0 | 149.0 | — 








Series VII the observed results were somewhat higher than the cal- 
culated. Thereafter the relationship changed and the observed re- 
sults were lower than calculated results. In Series VIII the shift took 
place after 12 hours and in the two higher concentrations in this series 
not until after 24 hours of aeration. Thereafter the differences again 
increased with time of aeration and with increasing concentration of 
sludge. 

The results obtained at the London School of Hygiene, reported in 
the Water Pollution Research Board Report ° are similar to those pre- 
sented in Table II. In the English work the mixture of sewage and 
sludge absorbed oxygen at a higher rate than the sum of the amounts 
absorbed separately. The theory was advanced that the mixing of 
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sewage and activated sludge accelerated the rate of oxidation of either 
or both of the components. We have shown that in certain cases this 
is true and that the acceleration increases with increasing concentra- 
tions of sludge. In other cases a definite retardation seems to take 
place when sewage and sludge are mixed. By referring to Figure 5 it 
will be seen that those sludges which showed an acceleration of the rate 
of oxidation of the mixtures, produced less CO, when aerated than those 
that retarded the oxidation. It would seem plausible, therefore, that 
when a poorly oxidized sludge is mixed with sewage the oxidation of 
the mixture is retarded. 


Discussion 


In measuring the oxygen consumption of a material by any method 
we deal with three important factors, namely (1) the oxygen tension, 
(2) the flora and fauna, (3) the character and amount of the oxidizable 
material. The ideal situation in any method would be to keep the 
oxygen tension and the flora and fauna constant and to measure only 
the rate of oxidation and the amount of oxidizable material. Ordi- 
narily this ideal is not attained. It has been generally accepted that 
the oxygen tension beyond a certain minimum is not an important 
factor. Results of some of our work on the effect of oxygen tension 
on bacterial members will be published in a subsequent paper. We 
have also assumed that the flora and fauna present in the material, as 
long as it is not disinfected or does not contain disinfectants, is suf- 
ficient to carry on the oxidation. It seems, however, that besides the 
total number of organisms, the type of flora and fauna is also important. 
Activated sludge, with its established aerobic flora, shows according to 
our results a more rapid rate of oxidation than fresh solids. Fresh 
solids, not being subjected to a process of stabilization, should contain 
a greater amount of oxidizable material. However, the rate of oxida- 
tion of this material as measured by the CO, production was lower than 
that of the activated sludge. By the B.O.D. method, on the other hand, 
the results with activated sludge and fresh solids were equal. It is 
possible that the initial low pH value of the fresh solids may have 
retarded the oxidation process by the aeration method while by the 
B.0.D. method this factor was not so important, due to the dilution 
with sodium bicarbonate water. The rate of CO, production from 
fresh solids during the first two days of aeration was lower than that 
from activated sludge. During this period, the pH value of the fresh 
solids increased from 5.4 to 6.6. However, in sewage which did not 
have a low pH value, the rate of CO, production was also lower than 
that in activated sludge. The evidence seems to indicate that in addi- 
tion to other factors, such as pH, differences in the flora and fauna 
should be considered. 

The results presented indicate that the CO, production measures 
significant differences in the rate of oxidation. It has been shown 
that the CO, production increases regularly with increasing concen- 
tration of sludge added to sewage, that different sewages and activated 
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sludge produce CO, at different rates even when the differences in the 
suspended solids concentration are taken into consideration. These 
variations in CO, production are probably caused either by differences 
in the character of suspended solids or by variations in materials not 
measured by the determination of suspended solids, such as colloidal 
and soluble materials. In the case of sewage both of these factors may 
be important but in the case of activated sludge the differences in CO, 
production are directly related to the stage of oxidation of the various 
sludges. 

It will not be possible at present to use the CO, production as a 
basis for the computation of oxygen demand. Our CO, to B.O.D. ratios 
have generally been higher than 1.0. However, it is quite possible 
that had similar methods of aeration been used in both cases more con- 
sistent results might have been obtained. It does not seem fair to 
compare the rate of CO, production, with constant aeration and stir- 
ring, to the B.O.D. without such stirring, although presumably under 
similarly aerobic conditions. The aeration methods in comparison 
with the dilution method should prove of decided benefit by eliminating 
the variations in oxygen tension and possibly the zone of partial 
anaerobiosis in the liquid in contact with the sludge. The B.O.D. 
method, on the other hand, offers a solution to the problem of the effect 
of low pH values of the test materials when high dilutions are made 
with sodium bicarbonate or other buffered waters. 

Direct comparisons of the results with those of other similar studies 
are difficult, not only because of differences in technique, but also be- 
cause of differences in the type of materials used. Grant, Hurwitz 
and Mohlman? reported that oxygen consumption varied from 6.0 to 
7.4 mgm. per gram of sludge per hour. Although most of our results 
are on the basis of longer periods, some results with 2-hour periods 
indicate CO, production of 2 to 4 mgm. per gram of sludge per hour. 
The rate of O. consumption obtained by these investigators is a straight 
line for the 2 to 4 hour period employed. Theriault and MeNamee ‘ 
obtained a straight line for the first 4 to 5 hours and a curve thereafter, 
the inflection of which decreased with increasing time. Some of the 
CO. results obtained in the present study with the various sludges can 
be readily represented by curves while others after several days of 
aeration change from a curve to a straight line. 

Our results indicate that the greater the amount of sludge added to 
sewage the greater the CO, production. The increase in CO, produc- 
tion in some cases is more than can be accounted for by the CO, pro- 
duction of the sewage and sludge when aerated separately. A stimu- 
lating action of one component on the other, similar to those given in 
the Water Pollution Research Board Report,’ is indicated by these 
results. On the other hand, we have also obtained lower CO, produc- 
tion in mixtures than would have been expected by the rates of CO: 
production of the sewage and the sludge alone. A retarding influence 
probably brought about by the addition of an additional load of sewage 
to poorly oxidized sludge would be indicated in this case. 
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SuMMARY 


Carbon dioxide production, commonly employed in biological and 
microbiological investigations to determine the rate of oxidation of 
organic materials, has been applied to determine the rate of oxidation 
of sewage, returned sludge and their various mixtures. 

Comparisons were made of the rate of oxidation as measured by the 
CO, production and the B.O.D. methods. It was found that CO, pro- 
duction from sewage and activated sludge was higher than the oxygen 
consumption by the dilution method, resulting in CO, to B.O.D. ratios 
greater than unity. With fresh solids on the other hand ratios less 
than unity were obtained. Possible explanation for the failure of the 
ratio to approach unity have been advanced, based on differences in 
mixing and stirring. The differences in the ratios obtained from the 
sewage, activated sludge and fresh solids have been attributed to dif- 
ferences in their respective flora and fauna and the pH values. 

Carbon dioxide production from eight different sewages (obtained 
from the same plant) and eight different returned sludges (all but one 
obtained from the same plant) have been presented. The rate of CO, 
production from the different sewages varied, even when expressed on 
the basis of suspended solids. Similarly, the CO, production from the 
returned sludges varied on the basis of suspended solids. The CO, 
production on the basis of suspended solids from the returned sludge 
was considerably lower than from sewage, so that there was no over- 
lapping between the two types of materials. 

When the sewage and returned sludge were mixed and aerated, the 
CO, values obtained were sometimes higher and at others lower than 
the expected results, calculated from the rate of CO, productions and 
quantities of each of the components. The differences appear to be 
related to the stage of oxidation of the sludge. 
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THE USE OF CHLORINE FOR THE CORRECTION OF 
SLUDGE BULKING IN THE ACTIVATED SLUDGE 
PROCESS 


By Russet S. SmitH anp W. C. Purpy 


Associate Sanitary Engineer and Special Expert, U. S. Public Health Service, Stream 
Pollution Investigations Station, Cincinnati, Ohio 


The efficiency of many activated sludge sewage treatment plants is 
materially affected at times by a diffuse or fluffy condition of the sludge 
particles, which, in the clarification tank following aeration, results in 
slow settlement and hence increased volume or ‘‘bulking’’ of the sludge. 
Consequently, in aggravated cases large amounts of these sludge solids 
may be carried over the effluent weirs instead of being removed through 
the bottom sludge outlets. Because this condition admittedly consti- 
tutes one of the ‘‘weak links’’ in this method of sewage treatment, our 
consultant, the late Mr. George W. Fuller, reeommended the advisa- 
bility of the Stream Pollution Investigations Station of the Public 
Health Service undertaking some studies of the biological and bio- 
chemical factors involved in sludge bulking. 

Nxtensive microscopical observations of activated sludges have in- 
dicated that there are at least two distinct conditions of the sludge floc, 
either of which when present will cause the sludge to settle with dif- 
fieulty, if at all. One is a thin, diffuse or spongy, ragged floc, that 
teuds to float because of its relatively large surface area; the other is a 
floc possibly of moderate or good quality, but heavily infested with thin 
fungus threads which extend out in all directions from the main body 
and thereby increase greatly the buoyaney of the floc and doubtless 
separate materially the individual particles. All gradations and com- 
binations of these two conditions may occur in specific instances. Thus 
a fioe that is quite fine, ragged and diffuse may be settled in the final 
clarifier with reasonable success, but if a moderate growth of fungus 
should appear, the settling process is seriously retarded. The present 
discussion is confined to the bulking resulting from excessive amounts 
of fungus in the sludge. 

For determination of the physical condition of sludge floc particles, 
the use of a low power (preferably binocular) microscope, magnifying 
about 20 or 30 diameters, is most essential. Daily routine observa- 
tious of the sludge by such an instrument will disclose any progressive 
changes in floe structure that signify either the oncoming improvement 
or deterioration of sludge settling quality. By adjusting the substage 
mirror at a point slightly in front of the optical axis of the microscope 
to secure a dark field effect, and using a dilution (1 in 40 is suggested) 
of the sludge in a cell about 1 millimeter deep of the type used for 
plankton enumeration (with cover-glass adjusted) the floating floes can 
be seen clearly outlined against a dark field and any attached fungus 
may be readily distinguished by reason of the light reflected from their 
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minute filaments, affording a sharp contrast with the surrounding dark 
field. A true picture of the undistorted floating floc, as it occurs in its 
natural environment in the clarification tank, is thus obtained. 

References in the literature to bulking caused by fungus, including 
descriptions and characteristics of the causative organism, have been 
quite frequent. Many means have been suggested to inhibit the growth 
of the fungus such as the addition of lime, increased aeration, decreased 
aeration, chlorine, elimination of carbohydrates from the sewage to 
be treated, ete. One of the difficulties experienced in the use of chemi- 
eals for this purpose has been that when applied in a concentration 
sufficient to destroy the fungus growth, the normal fauna and flora 
essential for the functioning of activated sludge were killed and the 
effluent deteriorated rapidly. 

Chlorine has been used in connection with the activated sludge proc- 
ess by many investigators. Dallyn and DeLaporte’ in 1926 reported 
that return sludge was chlorinated to give a residual of 0.05 p.p.m. with- 
out upsetting plant operation. Apparently in this case the chlorine 
was used for odor control. In 1929, Bell* added bleaching powder to 
the return sludge at Barnsley, England, at an average rate of 22 p.p.m. 
available chlorine, and stated that it ‘‘has been found very useful in 
restricting the amount of septic matter returned to the aeration tank.”’ 
Gascoigne * in 1931 reported the use in Canada of bleaching powder 
applied to return activated sludge to correct disturbances in the proc- 
ess. Heukelekian * in 1931 reported increased turbidity in the super- 
natant liquor due to sterilization of activated sludge with chlorine. 

Chlorination of sewage entering activated sludge plants has been 
tried by many investigators with widely varying results. Goudey* in 
1932 reported that, at Pasadena, prechlorination tended to cause bulk- 
ing. 

The Committee on Sewage Disposal of the American Public Health 
Association * reported in 1933 that ‘‘although chlorine has been tried 
by several investigators in an effort to control bulking of activated 
sludge, there are as many negative as positive results. Hence, its 
value for this purpose remains unproven.”’ 

Experimental Study.—Two methods of approach to the problem of 
fungus growth control seemed feasible. These were: (1) isolation of 
the organism in pure culture and determination of its growth require- 
ments and possible elimination of essential foods or environmental 
conditions, and (2) addition of some material in a concentration toxic 
to the fungus but not to the other microscopic organisms normal to 
properly functioning activated sludge. 

The first of these procedures has thus far not been successful. The 
fungus has been grown in pure culture, but our efforts to re-inoculate 
it into sewage have failed. Attention was, therefore, directed to the 
second method of control. Fungus laden, aerated sludge was treated, 
first in one-liter glass graduates and later in eight-liter bottles in which 
aeration was provided, with one of a number of toxic materials in 
varying amounts and these mixtures examined under the microscope 
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after definite intervals of time to observe the effect of the chemicals 
on the fungus strands, as well as upon the other forms of plankton. 
Phenol, lime, copper sulphate, iron salts, alum, sulphur, silica gel, 
activated carbon, sodium sulphite and chlorine were among the chemi- 
cals employed. The most consistently favorable results were obtained 
with chlorine, which, if added in proper proportion, appeared to shrivel 
the protruding strands of fungus but did not destroy the normal plank- 
ton associated with the sludge floc. 

Based on these observations, tests were continued on a larger seale 
in the experimental activated sludge treatment plant when bulking of 
sludge was experienced. This unit had been operated for several days 
prior to August 28, 1934, on the fill-and-draw method. The sludge was 
in such condition that, after 90 minutes settling, the sludge blanket was 
only 3 inches below the surface and fungus growths in the floe particles 
were very abundant. On that date chlorine to the amount of 22.5 p.p.m. 
was added to the sludge-sewage mixture in the aeration tank and after 
an interval of 11% hours standing, observations indicated that the 
fungus was adversely affected but that other plankton—except stalked 
ciliates—remained active. After re-seeding with sewage-sludge liquor 
from another unit to the extent of 4 per cent of the tank volume, opera- 
tion was resumed. The sludge i; cell se 

settlable solids in c¢.e. per liter 
-increased from 2.1 to 10.4 by this treatment and continued to improve, 
reaching 16.3 by September 10, 1934. 

Following these favorable results the suggestion was made to Mr. 
KH}. E. Smith in charge of the Lima, Ohio, activated sludge plant that 
the application of chlorine might be of value in retarding the growth of 
fungus in the activated sludge and thereby improve the bulking con- 
dition being experienced. Favorable results were obtained, as re- 
corded by Mr. Smith * and chlorination has since constituted an integral 
part of the treatment at that plant. Mr. Smith, however, made one 
noted change in the treatment in that he introduced the chlorine into 
the return sludge and in smaller amounts than had been attempted 
before. 

During the past year chlorine has been frequently used to reduce 
fungus growths in activated sludge at this station, using Mr. Smith’s 
method of applying small amounts to the return sludge. Results, in so 
far as fungus control is concerned, were uniformly successful. An 
improvement in the settling of the floe was always obtained if fungus 
was present, but if the bulking of the sludge was due in any great 
degree to the presence of a light, diffuse floc, the improvement was not 
always sufficient to insure satisfactory operation of the plant. Ob- 
servations pertinent to these experiments are given in Table I, which 
lists the conditions at the start, the average amount of chlorine used 
and its effect as shown by the sludge condition at the end of the 
experiment. 

These results plainly show that chlorine applied in small amounts 
to the return sludge reduced fungus growths and so effected an im- 
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TABLE I.—Experiments Showing the Effect of Chlorine in Control of Sludge Bulking Resulting fron 
Fungus Laden Sludge Floc 












































Aver. Amount 
Chlorine Used 
Exp.| Date Perct. 
No. P.p.m. | of Ret. 
Ret. | Sludge 
Sludge | Dry 
Solids 
Ses | 
12/ 3/34 
3.46 
1 |12/ 9/34 | 
0 | 
12/17/34 | 
| | 
12/17/34 | | 
| 1.52 | 
2 | 1/ 7/35 | 
o | 
1/29/35 | | 
3/27/35 
3 1.37 | 04 
5/14/35 
6/ 6/35 | 
4 | 2.12 | .04 
6/17/: 5 | | 
6/24/35 | | 
5 1.68 | .03 
| 7/17/35 | 
9/21/35 | 
| .467| .007 
6 |10/15/35 | | 
i | 0 |0 
10/25/35 | 
(10/26/35 | 
| 
7 | | 620 .008 
11/ 5/35 | 





provement in the sludge. 








Sludge 
| Blanket 
Per Cent 
Pre | of Sett. 
ee | Tank 
| Water 
| Depth 
4.3 | 100 
5.3 | 89 
| 
8.8 | 99 
8.8 | 99 | 
10.1 14 | 
.6 95 
1.8 100 
2.4 | 39 
1.8 79 
2.6 17 


4.9 | Less than 13 | 


| 
5.1 | Less than 13 


90 


3.8 
10.0 | 26 
».0 84 
5.4 78 
13.9 13 


| 
| 
| 
| 
| 
} 





Ef- 
fluent Amount 
| Susp. Fungus Floe Condition 
| Solids | Present 
| P.p.m. | 
| 149 | Moderate Ameboid, ragged 
| 128 | Small Ragged 
170 | Small Ragged 
170 | Small Ragged 
18 |0 Granular, ameboid 





172 | Trace 





| Ragged 





312 | Mod. abund.| Spongy, ragged 


10 | Small 


Spongy, ragged 





26 | Small 


12 | 0 to trace 





8 | Trace 
ei ey 
26 | Large 
| 
| 


12 | Moderate 


| Large 


8 Moderate 


Mod. abund. 


| Ragged 


| Spongy, ragged 


| Ameboid 
| 





| Spongy, ragged 


| 
| Large, ragged, 


dense 

| Large, ragged, 
dense 

Large, ragged, 

| dense 








| ; 
| Large, ragged, 
dense 


| 


| Large, ameboid 





Except in Experiment 5 there was a notice- 


able improvement in the settling of the sludge in the final clarifier, the 
sludge blanket level dropped, the effluent improved and the sludge index 
Experiments 1, 2, and 6 indicate clearly how plant operation 


rose. 


improved with the use of chlorine and how, with cessation of chlorina- 
tion, after an interval bulking again recurred with attendant operating 
Experiments 1 to 5 inclusive also show clearly that al- 


diffic 


ulties. 





pl 
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though chlorine reduced the interference with proper settling caused 
by fungus filaments, this treatment did not cause the floc particles to 
coagulate and did not aid in controlling the bulking that is due to small, 
light floe particles of comparatively low specific gravity. 

Experiments 6 and 7 were made with intermittent, instead of con- 
tinuous, chlorination of the return sludge. The chlorine dosages were 
much lighter than in the other experiments, but were apparently effec- 
tive in destroying the fungus filaments. These two experiments show 
the remarkable improvement in sludge settling due to the action of 
chlorine on fungus filaments attached to large, dense flocs. EXxperi- 
ment 6 also shows the rapid decrease in settling rate of the sludge due 
to increased fungus growth when chlorination was suspended. 

Tables II and III give daily results for Experiments 4 and 6 re- 
spectively. It is interesting to note that in Experiment 4 when the 
chlorine dosage was about 2.5 p.p.m. or .05 per cent on a dry solids 
basis, the sludge settling improved, but when the dosage dropped to 
1.7 p.p.m. or less (about .03 per cent of the dry solids) the settling 
deteriorated. In Experiment 6, however, chlorine in the amount of 
0.7 p.p.m. or .01 per cent of the dry solids was ample to effect a marked 
improvement in the settling. The difference may be due to the marked 
dissimilarity in the two floes. 


TaBLE II.—Detailed Observations of Chlorine Treatment of Bulking Sludge. Experiment No. 4 








| 
| 














| | | 
Chlorine Used | Sludge | 
oe | Blanket | 
= | Per Cent Effluent | Amount 
Date | Per Cent of | Siudge Index| of Sett. | Susp. Solids| Fungus 
P.p.m. Re- Return | Tank | P.pm. | _ Present 
| turn Sludge Sludge | Ce | 
| | Dry Solids | | Depth | 
June 6, 1935, 2.02 o | 18 +'| 7 108 Mod. abund 
7 |} 273 | 06 | 1.6 | 67 34 - " 
8 2.73 05 1.9 53 10 | ~ - 
9 a9 | o | 2 | «#« | 0 | — 
10 2.74 | 05 | a1 | 40 | 4 | Mod. abund. 
11 2.57 | .04 2.8 | 40 | 5 Wes =; 
12 1.60 03 | 2.4 2 18 | Small 
13 | 170 | 08 26 | 91 i ie 14 
14 160 | 03 | 2.5 | 92 | 92 | Moderate 
15 1.80 | 02 | 338 | 60 | 28 ee. 
16 oe ee ee ee 
17 | 1.60 | .03 | 2.6 | 17 | 26 | Small 








Note: After June 15th, not enough sewage to supply plant. Trouble in street sewer. 


In November, 1935, an opportunity was provided to test the use of 
chlorine for reduction of fungus growths in routine plant operation. 
The City of Lancaster, Pa., had experienced much trouble with bulking 
activated sludge at its South Plant and requested aid in solving the 
problem from the U. 8. Public Health Service. After investigation of 
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‘ TasLeE III.—Detailed Observations of Chlorine Treatment of Bulking Sludge. Experiment No. 6 











Sludge | ( 




















Chlorine Used 
| rece 2 | Blanket : 
| | Per Cent Effluent Amount ) 
Date | Per Cent of |Sludge Index| of Sett. Susp. Solids Fungus : 
P.p.m. Re- | Return | Tank P.p.m. Present 
| turn Sludge | = Sludge | Water ( 
| Dry Solids | | Depth | ( 
——— ee ee s sipceiililiimeaaaasapel i SS ; 
Sept. 21,1935) 0.419 0078 3.8 a a oa 
22 419 - 0078 — 94 26 | ) 
23 419 0077 4.3 74 31 | 
24 A19 0076 4.2 73 17 | 
25 419 .0070 4.6 73 17 
26 429 0083 4.6 70 15 | ( 
27 429 0067 63 29 | 
28 402 .0060 6.0 48 15 | 
29 402 0060 | , 52 | 15 | ; 
30 402 0067 6.0 47 11 | 
Oct. 1, 1935 402 .0068 4.7 50 17 | Noticeable 
decrease 
2 | 402 0062 6.1 D4 13 | 
3 402 0054 6.1 57 19 | Large 
4 402 0057 6.3 51 12 ( 
5 402 0042 6.6 58 18 | 
6 402 0042 42 is | | 
7 402 0055 7.0 68 21 | Moderate 
8 402 0057 6.1 85 46 . | 
9 618 0095 44 90 | 49 _. i 
10 690 0112 5.4 50 15 : ( 
11 | 690 0106 5.7 57 | 16 ies 
12 .690 | 0098 6.4 48 17 | Abundant 
13 690 0098 | a 34 17 ; o— : 
14 690 0123 8.6 26 11 | ;, f 
15 690 0099 10.0 15 12 | seten ite 
16 0 0 10.4 15 13 | Mod. abund. | 
17 | 0 0 10.2 50 15 
18 0 0 11.6 25 12 | Small F 
19 0 0 10.6 34 13 Mod. abund. 
20 0 0 38 13 : g 
21 0 0 8.7 35 il | ¢ 
22 0 0 9.4 2D 11 | Mod. abund 
23 0 0 8.5 31 13 | « 
24 0 0 = 59 | 16 | a 
25 | 0 0 5.0 85 | 57 | 
plant arrangement and conditions, the trial use of chlorine was recom- 
mended. The floe was large, very diffuse and apparently loosely bound 
together with fungus filaments, which were present in large amount. 
Although it was realized that chlorine would not overcome the diffuse- 
ness of the floc, it was felt that reduction in the amount of fungus would 
cause some improvement in the settling of the sludge. The return 
sludge was chlorinated for four days (Nov. 22 to Nov. 26) at the rate 
of 4.57 p.p.m. or 0.11 per cent of the dry solids. When chlorination 
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was stopped, the amount of fungus had been greatly reduced and 
the stalked ciliates, chiefly epistylis, were beginning to show the effect 
of the chlorine. During the chlorination of the sludge an unexpected, 
interesting increase of turbidity of the effluent occurred. The chlorine 
apparently destroyed some of the fungus strands that had previously 
loosely held the floc material together. The average size of the floc 
decreased and considerable very fine floc material, much of it nearly 
colloidal, appeared in the effluent. Before chlorination was stopped, 
much of this loosened material had washed out of the floe and the 
effuent was beginning to clear. After chlorination was stopped, the 
turbidity continued to decrease. 

Since November 26, 1935, chlorine has been used regularly, but in 
smaller amounts, to prevent excessive growths of fungus. At the end 
of the year, December 31, 1935, the treatment has continued successful, 
the sludge is settling reasonably well, and the final effluent contains 
about 10 p.p.m. suspended solids. 


CONCLUSIONS 


Frequent, periodic examination of the sludge floc in a cell under a 
low power microscope is essential to obtain proper information con- 
cerning the condition of the sludge floe in its natural environment. 

Bulking of activated sludge may be caused by diffuse floe structure, 
fungus growth or combinations of both. 

Chlorination of the return sludge at low rates is a useful method 
for combating bulking due primarily to fungus growth. Results in- 
dicate that the proper rate of chlorination lies between 0.7 and 7.0 
p.p.m., based on return sludge, or .01 per cent and 0.1 per cent based on 
the weight of dry solids, depending upon the character of the sludge 
floc. 

Chlorination is not suecessful against that type of bulking due to 
light, diffuse floe. 

Chlorination of an activated sludge is attended by the serious 
danger of overchlorinating and destroying the desirable plankton 
growths. The margin of safety is small and use of the method requires 
constant, careful supervision. 
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EXPERIENCES WITH CHEMICAL TREATMENT OF 
SEWAGE AT BIRMINGHAM, ALABAMA * 
By H. H. Henpon 


Sanitary Engineer, Jefferson County (Birmingham), Alabama 


INTRODUCTION 

The Shades Valley Sewage Treatment Plant at Birmingham, Ala- 
bama, is of the chemical precipitation type, having a capacity of 2 
million gallons per day for complete chemical treatment during the dry . 





Fia. 1.—Shades Valley Sewage Treatment Plant. Settling tanks in foreground. 


season and 4 m.g.d. for primary treatment during the winter months. 
The plant (Figs. 1 and 2) has been in operation since the late summer 
of 1934. 

A complete description of the design and initial operation has been 
published (1), also a description of the unusual design problems en- 
countered in both the drainage area and the receiving stream, the solu- 
tion of which led to the selection of a chemical precipitation type of 
plant for seasonal treatment (2). This paper is therefore limited to 
a discussion of the operating results, costs, and difficulties encountered 
at this plant from January 1 to December 31, 1935, together with the 
results of experimental work on the chemical precipitation of sewage 
conducted in the central laboratory at the Ensley Plant. 


OPERATING RESULTS 
The plant was operated as a chemical precipitation plant for com- 
plete treatment from June 15 to November 11, 1935 and as a sedimenta- 
tion plant for primary treatment during the remainder of the calendar 
year. 
* Presented before the Eighth Annual Meeting of the New York State Sewage Works As- 


sociation, New York City, January 14, 1936. 
231 





iH 
t) 
t 












32 SEWAGE WORKS JOURNAL March, 1936 


A total of 615 million gallons of sewage passed through the plant 
during the year, of which 522 m.g. was during the winter season when 
chemicals were not added, giving an average flow during the wet season 





Fig. 2.—Entrance lobby, Shades Valley Plant. 


of 2.4 m.g.d. The total flow from June 15 to November 11, 1935, when 


chemicals were added, was 92.6 m.g. giving an average flow of 0.62 
m.g.d. The maximum rate of flow was 5.2 and the minimum rate 0.3 
m.g.d. Only that period during which the plant was operated as a 
chemical precipiation unit will be discussed here. 

The suspended solids content of the raw sewage averaged 124 parts 
per million with a maximum of 590 p.p.m., which was reduced to an 
average of 10 p.p.m. in the final effluent, a reduction of 92 per cent. 

The average B.O.D. of the raw sewage was 85 and the maximum 185 
p-p.m. This was reduced to an average of 12 p.p.m. in the final effluent, 
a reduction of 86 per cent. 

The dissolved oxygen in the raw sewage averaged 0.1 p.p.m., being 
zero the majority of the time. This was increased to an average of 
2.8 p.p.m. in the effluent. We attribute this increase to the mixing ac- 
tion in the flash mixer and floceulator. 

The average pH of the raw sewage was 7.1 and that of the effluent 
6.8. ; 

The turbidity was decreased from an average of 250 in the raw sew- 
age to an average of 6 p.p.m. in the effluent. 

The total iron content of the raw sewage averaged 2.6 p.p.m. which 
was decreased to 1.7 p.p.m. in the effluent. Practically all of the iron 
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in the raw sewage is removed by sedimentation; by reacting with the 
excess chlorine added, the iron forms ferric chloride which is preeipi- 
tated as ferric hydroxide, a pin-point floe that does not settle. (See 
Table I.) 


TaBLe I.—Shades Valley Plant Operating Results, June 15 to Nov. 11, 1935 


























Raw Sewage | Effluent | % 

| | ——| Re 

| Max. | Min. Av. | Max. | Min. | Av moval 
Sewage Flow, m.g.d.......... a | 5Z 380 .62 | | | 
Suspended Solids, p.p.m...........| 592 40 im | 2 3 | 10 | 92 
I ME coe cies cs vies | 195 | 35 85.5 | 20 | 3 2 | 86 
Dissolved Oxygen, p-p.m..........| 9/0 2a £2 ae 
eee soy Ash yx aa oe 7.1 6.9 | 66 | 68 | - 
SUV Ole (nee Cy Ue i a ra rae 1000 | 70 | 150 15 3 | 6 | 96 
Total Iron, p.p.m............ sh Re |, St a ae ae 
Dissolved Iron, p.p.m............. | a a 2 oo} ai 6 








The above results were accomplished by the addition of a total of 
44,430 lb. ferrous sulphate (FeSO, 7 H.O) and 6,450 lb. chlorine. This 
does not inelude the chlorine added for odor control but does inelude 
approximately 1.0 p.p.m. excess chlorine as a factor of safety against in- 
complete chlorination of copperas. This gives an average of 480 Ib. 
copperas and 70 lb. chlorine per million gallons of sewage treated, 
which is equivalent to 11.5 p.p.m. of metallic iron. (See Table II.) 


Tasie II.—Shades Valley Plant, Chemicals Added June 15 to Nov. 11, 1935 











| Per Day | Per m.g. 
Chemicals a ee se - : pots ve 
ies Min. | Ay, | Max. | Min. Av. 
| mins | - | a | Rate | Rate Rate 
| | | 
- - eee Ea ee | | —- - — ——EE 
Pounds Ferrous Sulphate (FeSO,-7H:O) | | | | | 
WI dd o acaeaha wekw yes Kaden ans | 485 | 210 | 296 | 960 | 180 | 480 
Pounds Chlorine AaGed \.......6.6 06.06 belo | 70 |} 30 | 42 137 | 25 70 
UNE INE go ow ove oon ck avec wine | | | | | 5.70 





Copperas at 34 cent per pound 
Chlorine at 3 cents per pound 


The copperas added varied from a maximum rate of 960 to a minimum 
rate of 180 lb. per m.g. This wide variation in the amount of coag- 
ulant required was eaused by several factors, the most important of 
which are as follows: 

1. The outfall sewer coming into the plant is a 42-inch diameter con- 
duit laid on a slope of 0.08 per cent. During the dry weather, solids are 
deposited in this sewer and are then flushed down to the plant by the 


first rain. The suspended solids content has increased from 137 p.p.m.. 


one day to 592 p.p.m. the next day, and at the same time the volume of 
sewage has increased. (See Table III.) 
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TABLE III.—Showing Variation in Strength of Sewage Caused by Flushing of Outfall Sewer 
24 Hour Composite Samples 























| Flow m.g.d. 

Total Susp. 
Date - | os Solids Solids 
| Max. _— . p.p.m. ».p.m. 

| Rate Rate Total sl 

jj} _____}__ te ideas: 

MRI. occ .csss..scs.-s.] O88 | GOB | OM | a8 | 137 
Ree ONEE..w.- 225+ .552.05--..... 1 | ORB | ORs 814 | 592 
RO Sees seces---r 2-00.) OFS | O88 | 0.63 360 | 117 











2. The collecting system tributary to the plant is in a large undevel- 
oped area, therefore the ratio of ground water to sewage is unusually 
high during wet weather. The rate of sewage flow has increased from 
1 to 5 m.g.d. in less than two hours (see flow charts A and B). 





FuLow CHART A. 





3. There is unusual variation in the strength and volume of sewage 
during a 24-hour period. The Shades Valley Plant seems to be worse 
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than an Atlanta Plant, in which Killam (3) found that 97.5 per cent 
of the load, expressed in flow and suspended solids content, arrived dur- 
ing 16 hours of the day. 





XX osenuce iow meas? }t/ 
~ at VYVUNE 3, /I3S. 








FLtow CyHarT B. 


In the routine operation of the Shades Valley Plant the dosage of 
chemicals is changed eight times daily. These changes are based on 
floceulation tests in the laboratory, observation of the sewage and the 
past experience of the operator. 


OPERATING Costs 

The total cost for the year 1935, exclusive of fixed charges, was 
$7,533.64, which may be broken down as follows: 

Power $1,802.24; Paint, Oil and Grease, Laboratory Supplies, Re- 
pairs, Maintenance and Supplies $524.65; Salaries $4,680.00; Chemicals 
$526.75. This makes the average cost for the entire year $12.25 per 
m.g. sewage treated or $11.39 per m.g. for the winter season, when the 
plant was operating as a primary plant only and $17.10 per m.g. for 
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the summer months, when complete chemical treatment was given. With 
chlorine at 3 cents per pound and copperas at %4 cent, the chemical cost 
was $5.70 per m.g. These costs are based on the actual volume of sew- 
age treated, which was less than one-half design capacity. Further- 
more, the cost of chemicals in Birmingham is relatively high. (See 
Table IV.) 


TaBLeE IV.—Operating Cost Shades Valley Plant, Jan. 1 to Dec. 31, 1935 





Item Cost. 

RMT UED MEIN BCMNUD S602 eb a scaie 5 Sosa S Sisreid owieleb-e ois «ais SS Gouotis nigias to stgsode le NS $1,802.24 
De eee Pa en te Carnie bun enicamie ate seine et 22.81 
SEN GPRS NE ey eG ens Send yis ed, acne: vin Shc'o Seis ike amet Oe ne 47.29 
Maintenance and Sapplies ots See ae ae ee epee On ee rere 181.63 
Laboratory Supplies......... ; Spee Re sion nee teen yee 204.21 
MINIS 2 os 5 has a eee ; ; iL kasens SR we aS Res 68.71 

Total ......... EOL al aie Pet Moe Oe eee ae eerste : $2,326. 89 
2 Operators, 12 Mos: @ 20000:.............- Se oe .. .$2,400.00 
2 Asst. Operators, 12 Mos. @ 150.00................ ee ee 1,800.00 
1 Janitor, 12 Mos. @ 40.00.. EO TO Ce ee ey Tee TLS F 480.00 

COL TO i a re eee Ee EEE Slew se 200 sD BOIS 

Total Gabor and Material. ........... 6.65.5. ye ee oe Tee $7,006.89 
Chlorine, 6450 Ibs. @ $.03. . Ss Pet OES le SE eae in hones ad ee $ 193.50 
Ferrous Sulphate, 44,430 a @ $ 0075 Paiedaet steele Boy oie eis maa ea Eee 333.25 
Gree eo ene Gt. veer bitin sa nab bindes pis seanees $ 526.75 

UN stees OTN ONS or yee 10 SM Sh So aaa a ass Sem wid haa awe oes $7,533.64 


OPERATING I}xPERTENCES 

The operation and chemical control of this plant has been much 
simpler and easier than was anticipated. The amount of chemical re- 
quired has been less than was expected from preliminary studies made 
before the plant was designed. The average amount of iron added 
was approximately 11 p.p.m., while the preliminary estimates were 
15 p.p.m. 

The copperas is very easy to handle and after practically two sea- 
sons of operation we have less than 50 pounds of lumps or impurities 
that have accumulated. Both the chlorine and copperas feed lines are 
14%4-ineh rubber hose. It is necessary to flush out the copperas line 
weekly and to take it out and clean it about every two months. The 
plant is equipped with duplicate feed lines, making this cleaning opera- 
tion very simple. 

As the digesters in this plant were designed for approximately three 
times the present connected population any detail data that might be 
given on the digestion of chemical sludge would be misleading. 


DicEsTER OVERFLOW 
The Shades Valley Plant has a two-stage digestion system, the pri- 
mary tank being heated and equipped with a stirring mechanism, while 
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the secondary unit is a plain unheated tank. All of the supernatant 
overflow is taken off near the top of the secondary tank. 

This supernatant overflow has an average B.O.D. of less than 100 
and a suspended solids content of 200 p.p.m. The supernatant over- 
flow from single-stage digesters in the district have approximately 
seven times this suspended solids content. (See Table V.) 


TaBLE V.—Comparison of Digester Overflow Liquor, Shades Valley Plant and Ensley Plant * 
Shades Valley 














DGUAL SOM IMO NN 5.o0s oboe odds bg os Yau ie eee eee 1100 




















MIISHCOUEE OES IN. Soo... Sa Seitae eo ae eee 356 46 | 204 
OE Sie trie ane eee ee ee 17 | 19 | ~~ 64 
pA acieretar Ube wera tered ne oes ee eee i | 6.9 7.0 
Ensley 

Max. Min. Av. 
GANSAIN SNIINERES NUEVA 5G: See un es 0S ancia a wie ble die eal ae 4040 1510 2699 
BUBDERAGE HONGB DIN. «ioc ccs ete ise wows ewe ae oss 2860 488 1506 
ESR BO or fots Nice seas gem rhs tau ave aiies siare nievetsse we een en Oe 705 70 341 
GE EOL ie aeRO ir ee aOR THe Oe | 7.5 6.9 7.2 








*Shades Valley plant has two-stage digestion system. Ensley plant has single-stage 
digestion. 


This digester overflow contains approximately 200 p.p.m. total iron 
of which 175 p.p.m. is in the ferrous state. If sufficient chlorine is 
added to change this ferrous iron back to the ferric state it will precipi- 
tate, carrying practically all the suspended solids with it, leaving a 
sparkling clear supernatant overflow with a B.O.D. and suspended 
solids content of less than 10 p.p.m._ If this soluble ferrous iron is not 
changed to the ferric state, and the sewage arriving at the plant is 
strong and stale, the iron will react with the hydrogen sulphide present 
forming ferrous sulphide, giving a distinct color in the primary settling 
tank. This color is from gray to black depending upon the strength of 
the sewage. That part of the ferrous iron that does not react with 
hydrogen sulphide and which is not changed to the ferric state will be 
carried out in the plant effluent. 


Laporatory Work 


In an effort to improve the plant operation and to determine some 
of the factors involved in the chemical precipitation of sewage, ex- 
tensive small-scale studies were made in the central laboratory at the 
Ensley Plant and the results were applied or tried out in the Shades 
Valley Plant. To date these studies have included pH control, prelim- 
inary sedimentation, returned sludge, sludge concentration and others. 

pH Coutrol.—In order to find the most economical point on the pH 
scale for the coagulation of the Shades Valley sewage, a laboratory 
study was made as follows: 
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Sufficient chlorinated copperas was added to the raw sewage to coag- 
ulate it, giving a clear supernatant liquor without adjusting the pH 
from 7.2. The amount of coagulant required at this pH was determined 
and called 100 per cent. Then lime was added until the pH was ad- 
justed by degrees to a pH of 11.0 and the amount of iron required for 
complete coagulation at these points was determined by flocculation 
tests. Then sulphuric acid was added until the pH was adjusted by 
degrees down to a pH of 4.0, and the amount of iron required for com- 
plete coagulation at these various points was determined by flocculation 
tests. 


200 


150 150 


100 


700 


Jo GO 


PERCENT OF (PON REQUIPED AT PH 72 





PERENT OF (RON REQUIRED AT PH 272 


o 
°o 2 4 S$ g 10 72 /¢ 


pa 
RELATION BETWEEN 14 OF SEWAGE ANDO AMOUNT OF 
CHLORINATED COPPERAS REQU/REO FOR COMPLETE FLOC. 


Fig. 3. 


According to these studies, the cost of chemicals required for com- 


plete clarification at a pH of 7.2 was approximately one-half the cost 
) 


at a pH of 9.0 and one-fourth the cost at a pH of 4.0. (See Figure 3 
and Table VI.) 


TaBLE VI.—Reagents Needed to Produce Desired pH Shown in Fig. 3. 


Reagent Pounds 
pH Added Per m.g. 
1) heehee eee pee ON 2210 
A aan ae . SO, 1710 
7. ; .. -HSO, 1460 
Bip... +e .HSO, 625 
1} OS aaa ae ; ..HSO, 250 
(Re eee : ...None 0 
MMO Nee sick os a casteswint rete. ics 420 
UD ee eee RTS 5, Lime 625 
DU ea RR a ae ee Lime 1250 


.. Lime 
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Even though pH control could be economically justified, it would 
require a second adjustment of reaction to neutralize the alkalinity or 
acidity before the effluent could be discharged. Also the control of the 
pH is a delicate procedure, as the amount of acid or lime required will 
vary with the amount of alkalinity, acidity and buffering action of the 
sewage. Our studies were made on a highly buffered sewage and the 
conclusions would not necessarily apply at other places. For these 
reasons the Shades Valley Plant is operated as a straight iron pre- 
cipitation plant without pH control. 

It is interesting to note that at a pH of 6.5 and 8.0 the amount of 
iron required for coagulation was greater than that required at a pH 
of 7.2 without adjustment. Below a pH of 4.0 the colloidal solids were 
peptized into a stable dispersion. On the alkaline side, when sufficient 
lime was added, a straight lime precipitation resulted at a pII above 
10.0. 

Pre-Settling.—In a previous paper (1), the writer stated: 

‘‘Although the period of operation to date has been too short to 
give conclusive results, the following indicates in a general way what 
may be expected—A test run was made to determine the effect of pre- 
sedimentation. ‘To obtain substantially the same results it was neces- 
sary to add 15 parts per million more chlorinated copperas than when 
preliminary sedimentation was not used.’’ 

Additional information collected over a longer period of time shows 
that in the previous test run a change in the strength of sewage was 
the probable cause of the greater amount of chemicals required with 
unsettled sewage, rather than a saving due to the removal of settleable 
solids. In hundreds of laboratory determinations we were unable to 
find any difference in the floccing or coagulating properties of settled 
and raw sewage. In fact, the writer is familiar with one case where 
settled sewage required considerably more coagulant than the raw 
sewage. 

Although the removal of settleable solids from the sewage may not 
decrease the amount of coagulant required, pre-sedimentation has a 
place in a chemical precipitation plant, for the following reasons. 

In most cases where chemical precipitation is installed for seasonal 
treatment, if sufficient settling tank capacity is provided for the average 
flow during the winter season, there will be plenty of settling space for 
pre-settling during the summer season, when the sewage is stronger and 
the problem of disposal is more acute. Pre-settling is therefore simply 
a more efficient arrangement of the total settling capacity. This is the 
case at the Shades Valley Plant, which is operated as a 1.5 m.g.d. chem- 
ical precipitation plant with pre-sedimentation (series operation) in 
the dry, hot season, and a 3.0 m.g.d. sedimentation plant (parallel 
operation) in the wet, cold season. (Fig. 4.) 

As noted above, the present average flow during the summer months 
was 0.6 m.g.d. while during the winter months it was 2.4 m.g.d. The 
plant was designed on the basis of a detention period of 1.0 hr. with a 
flow of 2 m.g.d. in each of the settling tanks. On this basis the capacity 
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in series operation would be 2 m.g.d. We have found that the detention 
period of one hour in the final settling tank is not sufficient, therefore, 
the plant is changed to parallel operation when the flow is greater than 
1.5 m.g.d. 
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Other advantages of pre-settling are that it tends to smooth out 
variations in the strength and volume of sewage before the chemicals 
are applied, and it also gives the operating force more time to make 
flocculation tests before the sewage reaches the mixing chamber. 

None of these observations are meant to apply to pre-settling when 
the chemical sludge from the final settling tank is pumped back to the 
raw sewage before it enters the primary settling tank. In fact, another 
advantage of preliminary sedimentation is that it makes possible the 
return of chemical sludge to the raw sewage and its removal by settling 
before additional chemicals are added. 

Return Sludge.—At the Shades Valley Plant the preferred method 
of operation is series operation with return of chemical sludge to the 
‘aw sewage. This return of chemical sludge to the raw sewage is very 
effective for odor control, in that the iron combines with any hydrogen 
sulphide present to form the non-volatile iron sulphide, without the 
medicinal odors usually characteristic of pre-chlorination. The enor- 
mous colloidal surfaces and capillary pores of the return sludge floc 
enable it to adsorb additional sewage solids as it settles. This adsorp- 
tion action is increased by a short period of mechanical stirring before 
sedimentation. Any un-neutralized positive charge caused by slight 
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overdosage of chemicals is brought in contact with excess of negatively 
charged sewage particles, assuring complete utilization of the coagu- 
lant. 

The return of chemical sludge gives a uniform mixture of sludges 
entering the primary digester, with a higher solids content than can be 
obtained when the sludges are added separately. 

Returning the chemical sludge to the incoming sewage lowers the 
acidity of the sludge. The average pH of the chemical sludge was 6.7, 
while that of the mixed sludge was 7.1. 

In the treatment of sewage with a ferric iron salt as the coagulant, 
the ferric ions tend to be reduced to ferrous ions, due to the presence 
of hydrogen sulphide and other reducing compounds. This reduction 
will also take place with the hydrous oxide floc in the returned chemical 
sludge. One part of hydrogen sulphide will combine with 1.65 parts 
iron to form iron sulphide. It is therefore apparent that in the chemi- 
cal treatment of sewage with an iron salt it is essential that the sewage 
be kept fresh while in contact with the chemical sludge, either by dis- 
solved oxygen, chlorine, or by aeration. 

In returning chemical sludge to the raw sewage, care must be exer- 
cised to prevent this reduction of the hydrous oxide floe to a soluble 
ferrous salt by the hydrogen sulphide and the organic matter present 
in the sewage and entrapped in the sludge particles. These ferrous 
salts often become re-oxidized either by exposure to the atmosphere or 
by the dissolved oxygen in the sewage, and, when additional chemicals 
are added, form an insoluble peptized dispersion, thus giving an iron 
color to the final effluent. 

In order to prevent this reduction of the return sludge, a small 
amount of free chlorine is carried throughout the process in the Shades 
Valley Plant. The reduction of the iron in the returned chemical 
sludge is easily prevented by free chlorine, or air, when the fresh sludge 
is returned continuously at the same rate at which it is collected, and 
immediately allowed to settle in a preliminary settling tank. However, 
in re-cireulation of chemical sludge as a continuous process in which 
some of the sludge might be in circulation for a considerable period of 
time, the prevention of reduction by air or chlorine will probably be 
impractical. 

Some experimental work was carried on in the Ensley laboratory 
in which measured volumes of chemically precipitated sludges were 
mechanically mixed with settled sewage for fifteen minutes and then 
settled for one hour. This work indicated that the addition of 5 per 
cent by volume of chemical sludge reduced the turbidity from 160 to 
60 p.p.m. (Fig. 5), the suspended solids from 125 to 60 p.p.m. (Fig. 6) 
and the B.O.D. from 250 to 165 p.p.m. (Fig. 7). 

This work indicates that considerable non-settleable solids may be 
removed by the return of the chemical sludge to a stirring device where 
it is mixed with the raw sewage and thence flows to a preliminary 
settling tank for pre-sedimentation before additional chemicals are 
added. 
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Sludge Concentration.—A sample of chemically precipitated sludge 
was allowed to stand for approximately fifteen hours; the solids content 
increased from 1 to 2.5 per cent, giving a decrease in volume of 60 per 
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cent (see Figure 8). The supernatant liquor from this sludge was 
sparkling clear * (4) (5). 
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*<¢When a solution of ferric salt is treated with an alkali, there is formed a voluminous, 
gelatinous precipitate which is commonly called ferric hydroxide and assigned formula 
Fe(OH), The extent to which this terminology is fixed in our chemical literature is evidenced 
by its almost universal use in our textbooks, although four decades ago van Bemmelen showed 
not only that there is no definite hydrate of the formula Fe(OH), or Fe,0,.3H,O, but that 
no other hydrate is formed by the usual method of precipitating the oxide. The viscous 
voluminous precipitate when first formed may be represented approximately by the formula 
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After about fifteen hours at room temperature, the sludge will be- 
come septic and start bulking. We are attempting to delay this septic 
action by chlorination. 
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By allowing the mixed chemical and raw sludge to stand approxi- 
mately five hours, the solids content increased from 3 to 4 per cent. 
After approximately five hours, and at room temperature, this mixed 
sludge started to bulk. 

We are experimenting with activated carbon on the theory that a 
few particles of entrapped carbon in each particle of floe will adsorb 
the hydrogen sulphide and other reducing agents, and prolong the time 
before the sludge becomes septic, thus making it possible to further 
increase the concentration. 

Partial Treatment.—In order to ascertain the feasibility of varying 
the degree of treatment obtained by a chemical process, by varying the 
amount of coagulant added, laboratory study was made of the effect 
of different doses of chlorinated copperas upon settled sewage. This 
was done by flocculation tests in which varying amounts of coagulant 
were added to the settled sewage, which was then flocculated for 30 





Fe,0,. + 20H.O, but it loses water, gradually attaining a composition that varies with the 
time, temperature, and the pressure of the water vapor in contact with it. A composition cor- 
responding to a definite hydrate is, therefore, purely accidental, depending as it does on the 
exact method of formation, the method of drying, the temperature, and the age of the sample. 
Precipitated oxides like ferric oxide which contain varying amounts of water adsorbed by the 
oxide particles are called hydrous exides to distinguish them from hydrates, in which the water 
is chemically combined in definite stoichimetric proportions. . . . On standing, the primary col- 
lodial particles of hydrous oxides grow and jose water spontaneously, causing the mass to 
assume a less gelatinous and more granular character. .. . 

‘¢ Although the rapid precipitation of a hydrous oxide usually gives a gelatinous mass with 
a supernatant liquid, it is frequently possible to bring about uniform precipitation throughout 
the entire solution with the formation of a jelly which differs from a gelatinous precipitate 
in that all the liquid is enclosed by the precipitated phase.’’ . 




















Vol. 8, No. 2 CHEMICAL TREATMENT OF SEWAGE 245 


minutes and settled for one hour. The results of this work are shown 
in Figures 9,10, and 11. For the purpose of comparing the results of 
the various tests, the amount of iron for complete clarification was 
determined and called 100 per cent, and the amount of suspended solids, 
B.O.D., or turbidity removed by this amount of iron was called 100 per 
cent. As shown in Figures 9, 10, and 11, the first 5 per cent of iron 
added removed 45 per cent of the suspended solids from the settled 
sewage, and the first 50 per cent of iron added removed 80 per cent of 
the suspended solids; the first 5 per cent of iron added removed 35 per 
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cent of the B.O.D., and the first 50 per cent of iron added removed over 
70 per cent of the B.O.D.; the first 5 per cent of the iron added removed 
25 per cent of the turbidity, and the first 50 per cent of iron added re- 
moved 65 per cent of the turbidity. In other words, the last half of the 
iron dosage required for complete clarification removes only 20 per 
cent of the suspended solids, 30 per cent of the B.O.D. and 35 per cent 
of the turbidity. 


OperAtTING Resutts With CHEMICALS 
Results obtained during the period from June to November, 1935, 
when chemicals were used, are shown in Fig. 12. The uniform char- 
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acter of the effluent should be noted, as shown by the record of analyses 
for suspended solids and B.O.D. 
Average results of analyses of the chemical sludge are shown in 
Table VIL. 
TaBLeE VII.—Chemical Sludge 
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SuMMARY 


1. Results obtained at the Shades Valley Plant have exceeded the 
expectations of the designing engineers and have justified the selection 
of the process as originally adopted. 

2. Continued satisfactory’ results have been obtained at a very 
reasonable cost. 

3. Digestion of mixed raw and chemically treated sludge has been 
accomplished by means of two-stage digestion, with the production of 
an excellent overflow liquor comparable in strength to raw sewage. 

4. Coagulation by means of a ferric iron salt, without previous pH 
value adjustment, is considerably cheaper than with the addition of 
acids or alkali, in Birmingham sewage. 

5. Although the preliminary removal of settleable solids did not 
result directly in a reduction of chemicals required, pre-settling has 
definite advantages in a chemical precipitation plant, especially when 
combined with return of chemical sludge. 

6. Returned chemical sludge will materially reduce suspended solids 
and B.O.D. in the primary settling tank. Continued re-cireulation of 
sludge may give trouble because of reduction of ferric iron. 

7. Laboratory experiments indicate that mixed or chemical sludge 
may be readily concentrated by storage; a higher final density being 
obtained in the ease of the mixed sludge. 

8. The coarser non-settleable solids coagulate more easily, making 
possible a varying degree of treatment, depending on the amount of 
chemicals added to Birmingham sewage. 
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DISPOSAL * 


By A. J. Fiscuer 


Sanitary Development Engineer, The Dorr Company, Ine. 


INTRODUCTION 


During the last few years a number of advances have been made in 
the treatment and disposal of sewage sludge by improved methods of 
digestion, dewatering on vacuum filters and final disposal by incinera- 
tion. 

Elimination of the digestion step by direct filtration and incinera- 
tion of raw sludge has been advanced as an alternate method of com- 
plete disposal, while centrifuges and some types of sludge dryers are 
still in an experimental stage. Whether or not these more recent inno- 
vations will be made to compete successfully with the older methods of 
sludge treatment can be determined only after a number of plants now 
under design or being contemplated reach the operating stage, so that 
reliable cost data may be collected and possible improvements made. 

Based on information obtained from semi-plant and regular plant 
scale tests there appears to be no question that all types of sludges now 
obtainable in sewage treatment may be dewatered and incinerated in 
either a raw or a digested state. There is a question, however, whether 
certain procedures are economically justified. While economics are 
not always a deciding factor because of certain local conditions, they 
are an important one and warrant careful consideration. 

The purpose of this paper is to present an economic analysis of 
filtration and incineration of raw primary and mixed sludges as against 
digestion of these sludges followed by either open or covered sand-bed 
drying, or by vacuum filtration, with or without incineration. The con- 
clusions presented are based on present available plant and large-scale 
experimental data. 


Scorr or ANALYSIS 


In order to make a comprehensive survey of the field, installation 
and operating costs have been computed for 2, 5, 10, 25, 50 and 100 
m.g.d. plants producing the following types of sludges: primary; pri- 
mary plus trickling filter; primary plus chemically precipitated; and 
primary plus activated sludge. In addition, costs were figured for a 
combination of digested primary plus undigested activated sludge. 

In the three smaller plants, with ratings of 2, 5 and 10 m.g.d., it is 
assumed that the filters and incinerators are operated an average of 8 
hours per day. Continuous operation is assumed for the three larger 
plants. 


. ™* Presented at the Eighth Annual Meeting of the New York State Sewage Works Associa- 
tion, New York City, January 15, 1936. 
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THE ECONOMICS OF VARIOUS METHODS OF SLUDGE 
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Perak SuupcGe Loaps 

An important consideration in the design and operation of sludge 
handling plants is that regarding peak sludge loads. Very little 
thought had been given to this point in the past where digestion was 
employed because the digesters, which were always liberally designed, 
acted as ‘‘balancing tanks’? and smoothed out these peaks. Now, with 
tendencies toward short-time digestion or elimination of digestion, this 
factor has a greater bearing on plant design. It is believed that this 
fact was first appreciated by the Chicago Sanitary District in connec- 
tion with their recent work on raw primary and activated sludge in- 
cineration. 

Figure 1 shows a typical relationship between peak raw sewage 
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solids loads and duration of time when these peaks persist. The data 
are from a composite study of peak loads obtained at Chicago, Cleve- 
land, Columbus, Syracuse, Rochester and other large American cities. 
The curve was prepared by Mr. R. A. Allton,’ Sanitary Engineer of 
Columbus, Ohio, in connection with the study of the design of a sludge 
handling plant for the new Columbus treatment plant. This curve is 
characteristic of large cities having a number of sewers laid on flat 
grades. In such cases the abnormal sludge loads obtained during short 
periods are occasioned by flushing out of the sewers during storm flows. 
These peaks are more marked where the sewage is from combined sys- 
tems and where the sewer system covers a large area. In smaller 
plants, say of less than 10 m.g.d. capacity, these peaks may be of lesser 
intensity and possibly of a shorter duration. 

While the curve of Figure 1 is not intended as a yardstick in the 
design of all plants, nevertheless, where specific local data are lacking 
it shows what might be expected. Therefore, the probability of ob- 
taining these peaks must be recognized by furnishing sludge handling 
facilities to take care of these peaks or by supplying sufficient sludge 
storage capacity to reduce them to a figure consistent with the lesser 
sludge handling facilities that may be provided. 

Experience indicates that if raw primary sludge is stored longer 
than about two days in summer it becomes septic, giving rise to odor 
nuisances and requiring a greater amount of coagulant preparatory to 
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dewatering on vacuum filters. Therefore, assuming that peak loads 
similar to those shown in Figure 1 are obtained, filter and incinerator 
capacities should be furnished to handle 375 per cent of the daily aver- 
age sludge load where raw sludge is filtered and incinerated. Simi- 
larly, where short-time digestion periods of 20 days are contemplated, 
the filters and incinerators should be designed for 140 per cent peaks. 
Where 20-day primary plus 30-day secondary digestion is used, these 
units should be capable of handling 125 per cent peaks. In the case of 
activated sludge, 125 per cent peak load designs are adequate as the 
aeration tanks may be used to store this type of sludge. 


Basis or Desian 

In this comparison, it is assumed that when raw sludge solids are 
to be incinerated, the wet sludge may be stored for two days in me- 
chanically equipped sludge thickeners prior to dewatering and incinera- 
tion. In order to show the effect of widely divergent conditions, maxi- 
mum peak loads of 125 per cent and 375 per cent of the daily average 
have been assumed. 

Where digestion is used, it is assumed that a 20-day primary and a 
30-day secondary digestion period is provided ahead of vacuum filtra- 
tion, while a 20-day primary and a 60-day secondary digestion period 
is provided in the case of sand-bed drying. In all cases of digestion, 
125 per cent peak loads are assumed for the dewatering and incinera- 
ting units. 

Detailed design data are given in Table I. In each case, where sec- 
ondary treatment is used, it is considered that it is preceded by primary 
sedimentation, whereby 60 per cent of the suspended solids are re- 
moved. Chemical treatment is taken as treatment of pre-settled sew- 
age by means of 30 p.p.m. of ferric chloride. 

Suspended solids in the raw sewage are taken as 0.17 lb. per capita 
or 204 p.p.m. with a flow of 100 gal. per capita per day, of which 70 
per cent is volatile matter. This is a fair average for a domestic sew- 
age from a separate system where no predominating trade wastes are 
present. Total suspended solids removals are as shown. In the case 
of trickling filter treatment it is assumed that 8 per cent of the raw 
sludge solids, or 135 lb. per mil. gal. of sewage, are digested in the 
trickling filter and do not have to be handled in the digestion or de- 
watering operation. 

In computing the size of sludge thickeners or storage tanks, three 
feet are added to the sludge depth for supernatant liquor to assure an 
adequate clarification zone at all times. These units are operated on 
a continuous basis, the sludge depth being varied to give the required 
detention period. In warm climates where septic action may occur in 
less than two days, small doses of chlorine may be applied to delay this 
septic action. These tanks have a floor slope of one inch per foot. 

Digestion tank sizes are calculated on the basis of the amount of 
total dry solids, volatile matter, sludge moisture, volatile matter re- 
duction in each digestion stage, and the reduction in sludge moistures 
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TABLE I.—Design Data 


Sewage flow = 100 gals./capita. Raw sewage solids taken at 0.17 lb./capita, 70% volatile matter 














l 
| Pri- Trick- | Acti- Acti- 
ling ‘ , vated 
mary = Chemical ‘ vated 
iis Filter | ,, Sludge | , 
Treat- | ,, Treatment | , Sludge 
ment ceed Treat Alone 
ment ment 
ao opie ed | 
Overall suspended solids rem................. | 60% 85% 80% 95% 
Raw sludge, dry solids/m.g.d................. 1020 1b.}1310 Ib. 1525 lb. [1615 lb. 
| (Incl. chem.) 
RAW SUIARO,: 97, MOISUERO. 6 6 os.oisg ee es ese a | 94 95 95 96 98.8 
Raw sludge, thickener final {% moisture.......| 90 92 92 93 96 
Raw sludge, thickener aver. 9 moisture....... 92 93.5 93.5 94.7 97.4 
Thickener sludge detention.................. 2 days | 2 days 2 days 2 days | 2 days 
Digested sludge, dry solids/m.g.d.............| 555 Ib.) 710 Ib.) 905 Ib. [1035 Ib. 
Digested sludge, % moisture................. 91.2 93.1 93.1 94.5 
Digester, % solids reduction.......... ete 45.5 45.5 41 36 
Digester, % volatile reduction .............. 65 65 58.5 SLD 
Digester, gas, cu. ft. per m. gals. yarn 7900 | 10,200 10,650 9850 
Digestion period: 
DUE Do PR Sag a i ene 20 days| 20 days} 20 days 20 days 
Secondary: 
PUCPAUION., 2 oss ae soy cls es eee ed sss es] CUGRSPOOGayS! SOdayvs 30 days 
SEN Sie 2S USNR ero re 60 days} 60 days} 60days | 60 days 
Total digester capacity: 
Cu. ft./eapita (30-day secondary).......... 0.98 1.53 2.02 2.28 
' (60-day secondary)...........| 1.23] 1.87 2.15 2.78 
Cu. ft./lb. volatile matter added day 
(30-day secondary)........... 13.7 16.7 21.2 20.1 
(60-day secondary)........... 17.2 20.4 22.6 24.6 
Drying bed loadings, lb. 
Dry solids/sq. ft./year: 
I ios oe iracacr eens aero 35 30 30 25 
Coos LC 2 a re re ee 70 60 60 50 
Incinerator, average tons water evaporated/24 
hrs./m. gals. sewage: 
BRAUN TNE Mons oice: ooy uia Stay: «ok pecs Se ES 1.30 2.08 2.48 2.97 
DOOR END 5.885 oh ooo ho oes Swe s Gu 0.70 1.02 1.18 1.93 




















in the secondary tank. Where continuous agitation is provided in the 
primary tank the required volume is equal to the desired digestion 
period in days, multiplied by the volume of wet sludge added per day. 
The volume of the secondary tank depends on the type of sludge being 
treated. For a 30-day storage period the sludge capacity in cu. ft. is 
equal to the pounds of dry settled solids per day multiplied by the fac- 
tor 3.25 in the case of primary sludge. For trickling filter and chemical 
sludge, the factor used is 4.05 and for activated sludge 4.80. To the 
secondary tank sludge depths are added three feet for supernatant 
liquor clarification. The secondary tanks have floor slopes of three 
inches per foot. 

Gas holders are provided on the secondary tanks to give a gas stor- 
age of 40 per cent of the daily average production. This allows for uti- 
lization of 90 per cent of all the gas produced. 
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Vacuum filters are designed on the basis of capacities as given in 
Table II. This table shows that filter rates, conditioner requirements, 


TaBLeE IJ.—Sludge Filtration 





| Conditioner | 


| % of Dry | Filter | Cake 

" | Sludge Capacity | Mois- 

Type of Sludge | Solids Lb./Sq. ei 
| ——| Ft/Hr. | % 





| Ca | FeCl; 


Raw Sludges: | | 




















NN he re oe led a se ck cs Ree ae ee Pare 10 | 3 5 68 
Primary plus trickling filter ere er | 12 3 4 | 72 
Prumary gus chemical (FeCl,)...................0s0c00% | 1 jan 4 | 72 
RAPMIANY MUS OUIVBUOD . o.oo sec ecice ee ncevasecs 0; 6 4 | 78 
RSRETOEAN CEOs)... os. cn sc ce ees Rwea iste phe ay ane | 10] 5 2 | 80 
COTS (C2 OF SS 2. 6 5 rer 8 3 6 66 
ne oie wns csac nomads | Oo] 6 2.5 | 80 
Digested Sludges: 
OO ao ee ag ER eee 10 2 6 68 
or 0 6 6 72 
cy geg eck a) rs is; 2 6 70 
lor O| 7 6 74 
Pamary + chemical (FeCl)... .. .c.scccccccccsccssssss 12 2 6 68 
or O| 7 6 72 
ee re | 0 | 8 2.5 | 78 
Chemical (FeCl;).............. AE Rasy fc tasted an ae 12) 2 1 70 
or 0 | § | + 74 
CSUISO b COS OR Ee i. 6 5 ssa ae 10| 2 6 | 68 
lor O| 6 | 6 | 72 
ley cyst ovis szentiunknneigh | of] 10 | 25 | 80 
Mized Sludges: . | | | 
Digested primary + undigested and activated............| 0 6 | 4.5 | 79 7 








and cake moistures vary widely depending on the nature of the sludge. 
It further shows that the mere reference to a sludge as being ‘‘raw”’ 
or ‘‘digested’’ is misleading unless the specific source of the sludge is 
also designated. It is interesting to note that on all raw sludges other 
than activated, combinations of lime and ferric chloride are used for 
conditioning, while on all digested sludges other than activated, ferric 
chloride alone or combinations of lime and ferric chloride may be used. 
In all cases where activated sludge is included, ferric chloride alone is 
used, lime having little or no value when used in combination with the 
ferric salt. Chlorinated copperas and ferric sulphate may be used as 
a substitute for ferric chloride. It is the writer’s experience that 
about 25 per cent more chlorinated copperas or 75 per cent more ferric 
sulphate must be used than ferric chloride, on an iron content basis. 
Incinerators are designed on the basis of water evaporation using 
the sludge moistures given in Table II. It may be noted that the weight 
of dry solids in the filter cake is increased over that obtained from 
the thickeners or digesters because of the conditioner added. This may 
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be a considerable item and should be taken into consideration. <As- 
suming that the lime is entirely converted to caleium carbonate, and 
the ferric chloride to ferric hydroxide, the increase in dry weight in 
the filter cake is 1.78 per cent for each per cent lime, and 0.66 per cent 
for each per cent ferric chloride added. 

Sand-drying bed areas are based on the pounds of dry solids that 
can be dried per sq. ft. in one year. These figures are based on actual 
operating results and within limits are independent of the moisture 
of the sludge applied. The moisture of the air-dried sludge is taken 
at 60 per cent for primary, trickling filter, and chemical treatment 
sludge and 65 per cent for activated sludge. 


INSTALLATION Costs 


Installed costs of sludge thickeners, digesters, vacuum filters and 
incinerators are given in Figures 2 to 5, inclusive. Open sand bed 
costs are taken at 50 cents and covered beds at $1.80 per square foot. 
To costs of all structures are added 5 per cent for engineering and 15 










aseesens ei beet | Figure 2 
ae $ Hi Hl H 
Sak Gores BN H R COSTS INSTALLED 
seat bedt i | ; 
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per cent for contingencies, such as inlet and outlet conduits and piping 

for thickeners; piping and control chambers for digesters; chemical 
? > 5 b] 

storage, piping, ete., for vacuum filters; sludge handling equipment for 














400 $00 
PILTER AREA- SQUARE FEET 


Ht 


ee 


sand drying beds; and ventilating equipment, ete., for incinerators. In 
no case is the cost of land included. 

In all eases, the costs of the various structures includes concrete 
at $18.00 per cubic yard, reinforcing steel at 4 cents per pound, and 
excavation at $1.00 per cubic yard, as well as the costs of all equipment, 
freight and haulage, erection, wiring, foundations, ete. 










Seebeapena| | FIGURE 3 
Prstisieit: 1 ICINERAT! 
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* _.; ADD. FOR BUILDING COSTS + 28% OF INSTALLED COSTS | 
ay : 
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There appears to be some discrepancy in the lower range of the in- 
cinerator cost curve in that the cost increases a little more rapidly than 
the. rated capacity figure below a water evaporation of 2.0 tons per 
hour. The writer has been informed that this apparent inconsistency 
may be explained by the fact that the smaller units are less expensive 
per ton of water evaporated, due to a sacrifice in efficiency which re- 
duces the equipment cost. 








“> 
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Torat InstaLLATIoN Cost CoMPARISONS 
Total installation costs of the various types of plants are shown in 
Figures 6 to 9, inclusive. Primary treatment costs as plotted in Fig- 
ure 6 show that for plants of less than 10 m.g.d. capacity the installa- 



































{ion costs of raw sludge incineration plants are highest, whether or 
not provision is made for the high peak loads. Raw sludge incinera- 
tion is followed by digested sludge incineration, covered and open dry- 
ing beds and digested sludge filtration, in the order named. In the 
larger plants, raw sludge incineration with 375 per cent peak loads is 
still the most expensive system. This is followed by covered and open 
beds, digested sludge incineration, raw sludge incineration with 125 per 
cent peak loads and finally digested sludge filtration, which persists at 
the lowest level throughout the entire range of plant sizes. 

The same trends are noted for trickling filter and chemical treat- 
ment installation costs, as shown in Figures 7 and 8, respectively. In 
the case of Figure 9, showing activated sludge treatment costs, however, 
a difference is noted in that while for plants below 5 m.g.d. capacity 
the same relationships hold as before, there is a change in order, start- 
ing at the 10 m.g.d. plant. Here, digestion with covered drying beds 
is the most expensive plant. This is followed by digested sludge in- 
cineration, raw sludge incineration, open beds, and digested sludge fil- 
tration. Above 25 m.g.d. raw sludge incineration with 125 per cent 
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peak loads is less expensive than digested sludge filtration, while cov- 
ered drying beds are the most expensive. 
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It has long been known that digested activated sludge is relatively 
difficult to dewater on vacuum filters. In view of this difficulty the nat- 
ural solution in the larger plants would appear to comprise a system 
wherein only the primary sludge is digested and the resulting digested 
sludge is mixed with undigested activated sludge that has been subjected 
to a thickening operation. The resulting combination may then be de- 
watered. Curves showing the costs of such an arrangement with and 
without incineration are given in Figure 9. These show that the low- 
est cost plant is obtained where the combination is filtered. Incinera- 
tion, if included, brings the overall cost lower than when all the sludge 
is digested and incinerated, but higher than where raw sludge incinera- 
tion is assumed with 125 per cent peak loads. 

In all of the foregoing total plant cost comparisons, it is noted that 
there is a sharp break at 10 m.g.d. in the curves of raw and digested 
sludge incineration where 125 per cent peak loads are assumed. This 
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is due to the fact that below 10 m.g.d., 8 hours daily operation of fil- 

ters and incinerators is assumed while above 25 m.g.d. the operation is 
continuous, 7.e., 24 hours per day, sufficient time being taken out for 

filter cloth cleanings, ete. This reduces the proportionate cost of equip- 

ment for the larger plants. 


IN. COSTS ~1000 DOLLARS. 
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Where 8-hour operation of filters and incinerators is assumed, 
equipment is designed to handle only 125 per cent of the daily average 
sludge load even where 375 per cent raw sludge peak loads may be ob- 
tained. In such cases, the peaks may be satisfactorily handled by re- 
sorting to continuous 24-hour operation until the peaks subside. Where 
24-hour operation is assumed, however, the filter and incinerator plants 
are trebled to take care of the high peak on raw sludge. 


OPERATING Costs 


rn > . . . . . . 
lhe schedule of operating charges used in this analysis is shown in 
Table III. These estimates require no further comment other than to 
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INSTALLATION COST 
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‘ : PLANT CAPACITY — M.G.D: re 
tibete 20 40 60 80 100 : : 
TABLE III].—Annual Operating Charges 
Item Charge 
2 ORO WNAIMEOB ogo oa ke bos a see ww 73% of total installation cost 
2S | Oe PR? shat G ee 60¢ per man-hour 
UL te Sg Seg 1¢ per kilowatt-hour, or 0.20¢ per kilowatt- 


hour where digester gas is used for power 
. See Table IV 


nS 
Q 
® 
E. 
= 
o. 
NM 


oh, 2 OP eee ee 4¢ per gal. of oil 

SaPUOE PMS Se a io seb aCe kr x wars ata -css 13% of erected cost of equipment 
7. Maintenance and repairs............ 2% of erected cost of equipment 
8. Sand replacement.................. $1.15 per ton 

9. Sludge removal from beds........... 50¢ per ton of sludge cake 
10. Sludge or ash haulage............... 50¢ per ton 


point out that sludge removal and haulage charges may be representa- 
tive for very large plants where there is no local demand for the sludge 
as a fertilizer and where there are no available dumps near the plant 
site. In some instances, especially in small and medium-sized plants, 
the sludge cake is sold or given away after removal from drying beds, 
while in others the purchaser removes the sludge when requested. In 
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still other cases, the sludge is processed and sold at a higher price after 
removal from the filters or drying beds. In a general analysis of this 
kind, it is obviously impossible to take all of these variable factors into 
consideration. In analyzing any specific example, however, outlets for 
sale of sludge should be considered, as final sludge disposal may be a 
costly item. 

Where an excess of gas is available over that required for ineinera- 
tion, it is considered as being available for power by the use of gas 
engines. According to Walraven,’ operating costs at Springfield, IL., 
including 12 per cent of equipment costs for fixed charges, amount to 
0.13 cents per kw. hr. of power generated. Adding fixed charges for a 
generator and other electrical control devices brings this cost of power 
generation to 0.20 cents per kw. hr. of power input. 

Table IV shows costs of lime and ferric chloride. Here again local 


TABLE IV.—Sludge Conditioner Costs. Middle Atlantic and Midwestern States 
1. Delivered Cost of Lime (CaO) 
Freight, etc., taken at $4.00 per ton in carload lots (18 tons). 
Freight, ete., taken at $8.00 per ton in less carload lots. 
Maximum storage taken at 4 months. 


Amount Used per Year Cost per Ton Delivered 
1908S ASN Wee TONS (lESS/CATIONGS) . 6c oc ec a allan ace daweees $20 
NZO-1000' tons (CANIORAS).. ow. oo ccc cc ccc cee ee wee neene 12 
UNE RN TNE eo cg Set ee erate es co kris one Weare te dei sy eAls, aba er aueln deans 10 


2. Delivered Cost of Ferric Chloride (Anhydrous basis) 
Cost per Pound 


Type of Salt Amount Used per Year FeCl; Delivered 
Anhydrous... .....¢5.00s4.s000...0+.0. Teessicarloadss(l T. min:;) 4 cents 
Anhy@rous .....<..2000s000.0000....+. Carlonds G8 TP. minimum) 3.3 
Liquid (40-45% FeCl,)................ 40-100 tons (carload) 25 
EAS (oS oe eG aye See Ae A Paat n 100-1000 2.15 
GIN ture nit ons som nNum es eee Over 1000 2.0 


Maximum storage of liquid ferric chloride taken at 6 months. 
When the liquid is purchased it is assumed that there is a railroad siding at the plant site. 


conditions are an important consideration, especially in regard to the 
price of ferric chloride or other iron salts. Examples of variations in 
the price of ferrie chloride are given in the following schedule showing 
some 1935 prices. 

Anhydrous Ferrie Chloride 


Less Carload Prices Carload Prices 
(1 Ton Minimum) (18 Tons Minimum) 
AGINO! 56 Sia sins ae eae wiey Sarietis,, CORA DOL Os RB VEN 555510 scongs'4re: 8\d 0) pnsi9 os 3.15¢ per lb. 
WABGOM Ne 5r5:.ss:a%h ioists oarse oe aeseiete 4.13¢ per lb. North Carolina .............. 3.83¢ per Ib. 
Eastern New York .......... SUG per ib. “SOs Dao Hs 6.6 6k civcele es os 3.40¢ per lb. 
Liquid Ferrie Chloride (Tank Cars) 
Approx. Tons Cost per Pound 
Location Per Year Anhyd. FeCl, 
ROGAN DONA ARON. 0575 )4/s%4 6-9, data iausvoin stern g Wiuerazere 500-1000 1.50 
PURNUSUUIOO NVR Ue. 70\'s0 ties wote-ansvarereie dud eresess 3 1ale 2000 1,92 
MOTD ORML oii crcuste ics ieis Ye 610s os ece ycire wees echels 500 1.99 


Central Tins Plant 6. cs ok ceicwce Sen seen es 2.40 
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All prices quoted are delivered prices, In the case of Dearborn 
there is no freight added because of nearby production and truek de- 
livery. From this, it can be seen that the price of ferric chloride de- 
pends on geographical location, amount of ferric chloride required per 
year, and whether or not there is a railroad siding at the plant to permit 
ready unloading of the liquid. 

For the purpose of this analysis it is assumed that there is a rail- 
road siding at all except the 2 and 5 m.g.d. plants. It is also assumed 
that where the yearly tonnage is between 18 and 40 tons the 3.3 cents per 
pound rate will apply. 

Table V gives a schedule of labor, power and fuel requirements. 


TABLE V.—Operating Charges—Labor, Power and Fuel 








! 
| 
























































Quantity 
| Man-Hours per Day 
Item | 
| 2 m.g.d.| 5 m.g.d. | 10 m.g.d.} 25 m.g.d. | 50 m.g.d.} 100 m.g.d. 
Labor: | | | | 
Thickeners.............+. 4 4 4 | 12 12 24 
SRMMMMRS  2 es 5 2 basse 8 | 8 8 | 24 24 36 
Miscellaneous............| 4 8 8 16 16 32 
Vacuum filters............ 1 man-hour per hour operation of one unit. 
14 man-hour per hour operation of each additional unit. 
SS TC re 1 man-hour per hour operation of one unit. 
14 man-hour per hour operation of each additional unit. 
K.W. Hrs. Continuous 
20’ dia. | 40’ 60’ | 80’ 100’ 
Sees ee | E 
Power: 
MOKONOTS 5. 5 so. eves : 0.23 0.46 0.68 0.80 1.02 
1 a | - 1.1 2:2 4.4 6.6 
Sludge pumps............| 2.24 kw. at 50 g.p.m. 30’ total head. 
Vacuum filters............ | 6.5 kw. per 100 sq. ft. filter area. 
incmerators............. | 6.875 kw. per ton of water evaporated. 
Power credit for digester gas | 1 B.H.P. hr. per 18 cu. ft. gas. 
ce ir ss 3 Ne Reina ers Ga Sie 5.94 x 10° B.T.U.’s per ton of water evaporated. Add for 
start-ups, etc., 2.5 gals. oil/m.g. in 2, 5, 10 m.g.d. plants. 
Add for start-ups, ete., 0.2 gals. oil/m.g. in 25, 50, 100 m.g.d. 
plants. 
Heat Credit for Sludges....... 10,000 B.T.U.’s per pound of combustible matter. 


Heat Credit for Digester Gas.. .| 650 B.T.U.’s per cu. ft. gas. 





The power and fuel requirements for incineration are based on Dear- 
born published results.* Additional fuel has been added as shown for 
start-ups, ete. 

Table VI gives a schedule of sand replacement, sludge and ash quan- 
tities. Sand quantities have been figured on the basis of the loss of 
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TaBLE VI.—Operating Charges—Sludge or Ash Disposal 
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Sand Replacement 





Tons GANO/ PT /MC.0... 2.5... ee 


Sludge Quantities: 


Cu. yds./yr./m.g.d. (55 Ibs. per cu. 


ft.) 


UIE 555 bs kv pec ks 
Vacuum HIVES. .... 2.1... 


Ash Quantities: 


Cu. yds./yr./m.g.d. (45 Ibs. per cu. 


ft.) 


PW RIES Sono. oes wees 
Digested sludge............ 























Trickling Digested 
Activated | Raw Plus 
Sludge Undigested 
Primary | Filter Activated 
7 9 | 14.8 - 
| 
| 
340 436 | 724 _ 
510 720 | 1136 1076 
130 166 162 — 
110 144 162 — 





Note: Dry solids in filter cake equals digested sludge solids, plus 1.78 per cent for each per 
cent CaO added, plus 0.65 per cent for each per cent FeCl; added as conditioner. 
Ash solids equals sludge ash plus 1.0 per cent for each per cent CaO added, plus 0.50 per 
cent for each per cent FeCl; added as conditioner. 


1/16th inch of sand during each sludge removal. 


The wet sludge from 


the digesters is considered as being applied to a depth of about 12 
inches. 
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TotaL Operating Cost CoMPARISONS 

Comparisons of operating costs for the various plant arrangements 
are shown in Figures 10 to 13, inclusive. The primary treatment costs, 
as plotted in Figure 10, show that raw sludge incineration, whether 
or not high peak loads are assumed, results in the highest operating 
costs, for the entire range of plant sizes. In the 2 and 5 m.g.d. plants, 
open and covered sand-bed drying bed costs are lowest, while in the 
larger plants digested sludge filtration, or filtration with incineration, 
appear to be the preferred arrangement from the standpoint of opera- 
ting costs. In no ease has the interest or cost of land been included 
in these figures. These items do not amount to an appreciable figure 
except where sand-bed drying of sludge is used in the larger plants. 

The same trend in operating costs is noted for trickling filter and 
for chemical treatment, as shown in Figures 11 and 12, respectively. 
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The costs for activated sludge treatment given in Figure 13 also fol- 
low the same general trend as in the other cases. In addition, how- 
ever, they show that filtration or filtration and incineration of a mix- 
ture of digested primary and thickened undigested activated sludge re- 
sult in a much lower operating cost than the other mechanical methods, 
especially for plants of large capacity. 
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Whether or not the mixed sludge filter cake may be disposed of on 
dumps without odor nuisance is still a debatable question. Small scale 
tests indicate that this might be accomplished without difficulty. Until 
demonstrated on a large scale, however, this particular system is not 
recommended. Therefore, the lowest cost, where open sand beds are 
not desired, is to use filtration of the digested mixed sludges for plants 
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below 15 m.g.d. capacity and incineration of the digested primary and 
undigested activated sludge mixtures for larger plants. 

Figures 14 and 15 show detailed operating costs of the various 
operations used in raw and digested sludge incineration plants, for 
handling primary sludge only. The miscellaneous item covers the cost 
of ash disposal, sludge pumping, and miscellaneous labor. 

These figures show conclusively that the costs of sludge filtration 
and incineration are greatly reduced by digestion, the reduction being 
far greater than the additional operating costs of the digesters. Sav- 
ings in power costs by the use of digester gas for power are not de- 
ducted in the case of digested sludge. 











AppitIionaL Cost Repuctions 


Additional savings in installation and operating costs may be ef- 
fected, in the case of digested sludge handling, by resorting to short 
time or partial digestion. It has been demonstrated on a plant scale 
that a 20-day digestion period will suffice for the stabilization of pri- 
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mary and mixed sludges. It has further been shown that the filtering 


qualities of the sludge might be improved by resorting to these shorter 
periods rather than going to extremely long periods now in general 
use. In this regard, thermophilic digestion for 2 or 3 days followed 
by a secondary mesophilic period of 5 to 10 days has distinct possibill- 
ties, especially where activated sludge is being handled. 

Elutriation of sludge in accordance with the process developed by 
Genter at Baltimore also appears to have possibilities, especially on 
digested sludge, as shown by a long series of semi-plant scale tests. 
Published data by Keefer * shows that a 6 lb./sq. ft./hr. filter rate may 
be obtained using elutriation with only 1 per cent FeCl, as conditioner. 
Figure 16 shows the increase in plant installation costs and the net 


264 SEWAGE WORKS JOURNAL March, 1936 














136 


f. 
rt 
le 








~ 


Vol. 8, No. 2 ECONOMICS OF METHODS OF SLUDGE DISPOSAL 265 





decrease in operating costs for plants using the process. The instal- 
lation cost includes present royalty charges, and the installed costs 
of additional equipment for a 2-stage counter-current washing system. 
From the savings in chemical costs are deducted fixed charges and costs 
of power, supplies, maintenance and repairs for the additional equip- 
ment required. 
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Genter’ states that in later laboratory tests, he has obtained : 
further reduction of ferric chloride to 4% per cent by improved nen 
washing. He also claims that the same filter rates can be obtained 
using 1 per cent alum. 


PRESENT STATUS 


The first experimental work on vacuum filtration of raw, digested 
and mixed sludges was carried out by the writer at Salem, Ohio, on a 
semi-plant scale in 1929. Since then experimental semi-plant or large 
scale results have been obtained at Los Angeles, North Toronto, Co- 
lumbus, Baltimore, Chicago,.Palo Alto and Cleveland on a variety of 
sludges. At the present time, however, the only regularly operating 
plants besides those operating on activated sludge, are as follows: 
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SRRMNIPRRLIEA IRONED) 50 bios 22 es sonia owe wi Digested primary 
SRNR WROSIEID 510 Sica win's 1s op > 2 4.98 scl Digested primary (Imhoff tank) 
SUNN MUMGRRSIAREL MME 2 ce) 15 hss. se a9 os 21m Digested (primary, plus trickling filter plus chem 
ically precipitated packing house waste) 
ReparOTO, NIGCHIPAN, oo on ois a vos oe sees Semi-digested primary, plus chemically precipitated 
UNS SA Sc JE an era Raw primary or chemically precipitated 
RUMPOMEMRINERD REMAND) Aap fis 4.0 2:55 o.u ssid eee oars ew Raw primary or raw primary plus activated 
CO SOS Sy ERS By ee ae re Raw primary or chemically precipitated 
COUNT Gn Ae Cc Raw primary plus chemically precipitated 
Li 0 to Le Ca Raw primary plus tannery waste 
mormwnee Aoember, 42. To oc... eee cee Raw primary plus activated 
Winston-Salem, N. Carolina ............. Chemically precipitated 


Plants under construction or definitely under contract, are: 


Plant Type of Sludge 
SMIRIPEMMLTMEDS AG; fo 0 2: .5. 0:0 spe! s)s) sis 4060's Elutriated digested primary 
SEE MMMMEMEL ING Nis 5 oh 00.010 6 5:0 0's. 0 sie einieine Digested (primary and chemical) 
PAUP NPN INN 55 ois oo wie ashe 50s wise somes Digested primary 
PS EEMMED Esa wi ccis wis sae csine secs se Digested primary 
PASCUA MONON MNGOODS 5s 5 505s s 550 0764 9 ois Digested (primary and activated) 
PRIANBUN Seis pics nots bh.os ssa dies oe <5 Raw primary and activated 
St. Charles, Dee hens peislew Gs weeds sai Chemically precipitated 


Pe MMNREENOR EEN Gyr a 5-5 lbs So cing :8 a 3 A915 9 Hse pr Raw primary and chemically precipitated 
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Sludge incineration was first successfully demonstrated by the Chi- 
cago Sanitary District in 1932. At the present time the only sludge in- 
cinerator in operation is at Dearborn, Michigan. Other units under 
construction or under contract are those for Chicago, Kokomo and Au- 
burn on the types of sludge as noted above. 


TRENDS 


The large number of vacuum filter installations operating or under 
contract indicates a definite trend toward this method of sludge de- 
watering as against sand drying beds. To date, not enough incinerator 
plants have been contracted for to indicate exactly where they will fit 
in the field of sewage treatment. From this cost analysis, it appears 
that their greatest field will be in the range of the large plants, spe- 
cifically above 25 m.g.d., and in the smaller plants where no sludge 
dumping facilities are available and where there is no local market for 
the sale of sludge as a fertilizer. Local factors will exert a consider- 
able influence on the method of treatment adopted in each case, but 
digested sludge incineration appears to be more desirable than raw 
sludge incineration, with a distinet tendency toward short-time diges- 
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tion periods. An exception is the case of activated sludge treatment, 
where incineration of the digested primary and the undigested activated 
sludge may be more economical. 

Where there is a considerable local market for the sale of sludge as 
a fertilizer, present types of incinerators may be modified so that they 
can be used as dryers or as combination dryers and incinerators. 


SUMMARY AND CONCLUSIONS 


1. An economic study has been made comparing installation and 
operating costs of various methods of sludge disposal where primary, 
trickling filter, chemical and activated sludge treatment are used. 

2. Peak loads are a very important factor and must be taken into 
consideration, especially where raw sludges are filtered and incinerated. 
In such cases, a two-day sludge storage or thickening period is ad- 
visable, and excess filter and incinerator capacity may have to be fur- 
nished to handle three to four times the daily average dry solids load. 

3. Installation costs are highest where peak loads of 375 per cent 
of the daily average dry solids load are assumed. 

4. For all plant sizes, raw sludge incineration first costs using only 
125 per cent peak loads are higher than those for digested sludge filtra- 
tion without incineration. They are slightly lower, however, in the 
case of plants of over 15 m.g.d. capacity, than where digested sludge is 
filtered and incinerated or where mixed digested primary and un- 
digested activated sludge is filtered and incinerated. 

5. Installation costs are lowest where all of the sludge is digested 
prior to dewatering on vacuum filters. An exception is the case of 
activated sludge treatment, where filtration of the combined digested 
primary and thickened undigested activated sludges gives the lowest 
first cost. 

6. Operating costs of raw sludge incineration plants are highest 
even where only 125 per cent peak loads are assumed. 

7. Operating costs are lowest for plants of less than 10 m.g.d. 
capacity where open sand drying beds are used. In general, for plants 
of over 25 m.g.d. capacity the costs of digested sludge filtration or filtra- 
tion with incineration are lowest. 

8. In the case of activated sludge treatment the desirable procedure 
from an operating cost standpoint is to combine the digested primary 
and the thickened undigested activated sludges prior to filtration or 
filtration with incineration. 

9. Operating costs may be reduced considerably in the ease of 
digested sludge handling by resorting to shorter digestion periods (20 
days) and by using the elutriation or sludge washing process as de- 
veloped by Genter. 

10. Present trends appear to be toward vacuum filtration of sludges 
in the smaller plants, with a possibility of drying the sludge cake for 
local marketing as a fertilizer. In the larger plants, sludge incinera- 
tion will find a more widespread application. 
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11. The findings and conclusions presented here are based on the 
exact conditions and costs noted in this paper. They are not intended 
to cover all conditions. In general, each problem must be analyzed on 
its own merits, taking into consideration the various influencing local 
factors. 
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DiscussION 


By A. L. GENER 


Chemical and Mechanical Engineer, Baltimore, Md. 


Dr. Fischer’s paper on ‘‘The Economies of Various Methods of 
Sludge Disposal’’ is, in my opinion, an excellent presentation of the 
fundamental features influencing the economic disposal of sewage 
sludges. It presents an analysis containing most of the essential eco- 
nomic constituents which must ultimately enter into the reverse of any 
analysis, 7.e. the design and synthesis of any type of plant involving the 
disposal of sewage sludge. 

Naturally such a paper cannot present economic values governing 
all localities throughout this or any other country, and Dr. Fischer’s 
paper is not intended as such. However, there are certain factors rela- 
tive to sludge incineration that have universal application. One of 
these is the inert material or ash present in any sludge being incin- 
erated. 

The more inert material, in the form of chemicals, added to any 
sludge in order to render it filterable, the less the fuel value of the 
sludge becomes and the more extraneous fuel has to be added for final 
incineration. All dried sludges ready for incineration naturally con- 
tain large quantities of noncombustible material. Dr. Fischer indicates 
the importance of considering the addition of further noncombustibles 
to sludges, in the form of chemical conditioners used for rendering such 
sludges dewaterable on vacuum filters. My discussion is intended to 
place more emphasis on this particular point and to indicate where fur- 
ther definite economies are to be expected in sludge disposal. 

In ineinerating raw and digested sludges that have been subjected 
to precipitation with lime and ferric salts and without elutriation, ash 
or inert material is actually added to the sludges in relatively large 
amounts. That these chemicals, especially lime, greatly increase the 
volume and weight of any sludge has been known for some time. The 
figures given by Dr. Fischer for the approximate increase are quite con- 
servative. Any figures showing the addition of lime in per cent CaO on 
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solids present, neglect the other inert materials such as silica, mag- 
nesium, alumina and incidental or combined moisture common to most 
commercial grades of lime. In fact a great deal of lime is added in the 
hydrated form and enters into the precipitating reaction with ferric 
salts as the hydrate. At temperatures resulting during sludge incin- 
eration it is reasonable to assume that considerable heat is consumed 
in dehydrating the final chemical compounds and producing oxides and 
possibly silicates. 

That every per cent of added ash in the form of lime and other inert 
compounds reduces the net amount of combustible substance in any 
sludge, just as does moisture, is beyond question. The presence of 
added iron also distinetly tends to lower the fusing point of all ma- 
terials forming silicates and clinker when burning sludge, just as it does 
in burning ordinary fuels. 

It is certain that the use of lime can be entirely eliminated by 
elutriating the sludge before incineration. It is equally certain that 
the amounts of ferric salts, ordinarily added for coagulation purposes, 
can likewise be materially diminished by sludge elutriation. Such 
treatment should therefore definitely diminish the constant daily costs 
of (1) sludge dewatering and (2) sludge incineration. In any ultimate 
comparative analysis of sludge disposal methods involving incineration, 
the elutriation process should be credited, not only with savings in the 
eosts of coagulants, but likewise with fuel savings due to a material 
reduction of ash deliberately added for sludge conditioning. 

This statement also applies to the dewatering and incineration of 
raw sludge, especially where plant effluent from secondary treatment, 
i.e. trickling filters or activation, is available for elutriating primary 
raw sludge. It is erroneous to believe that elutriation is practical only 
for digested sludges, especially with primary sludges held in storage 
for a day or so before dewatering. The published and unpublished 
data on elutriation of such sludges show that lime is not necessary for 
final dewatering and a large percentage of the ferric chloride ordinarily 
used can be saved. It is admitted that no large increase in filter yields 
‘an be effected by elutriation of raw sludges, as is the ease with elutria- 
tion of digested sludges, but this is of minor importance when consider- 
ing the reduction in coagulant consumption. 

As all published data relate to single-stage elutriation, more ma- 
terial savings result from continuous counter-current elutriation. Un- 
published data clearly show this to be true for digested and raw sludges. 
In treating mixtures of digested and primary raw or digested and 
activated sludges the best practice will probably be that involving elu- 
triation of the digested portion only and mixing the elutriated portion 
with the unelutriated portion. Using counter-current elutriation on 
the digested portion should result in a sludge mixture that can be 
readily dewatered on vacuum filters with about one per cent ferric 
chloride on dry solids present. This is especially true when continuous 
heated digestion tanks are employed. 

The equipment subject to most depreciation in all sludge disposal 
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schemes involving mechanical devices for dewatering and incineration 
is that involving filtration, drying and incineration. Hence any process 
which definitely reduces the magnitude and consequent cost and de- 
preciation of this equipment is of prime importance in any analysis of 
sludge disposal costs. 

That the dewatering and incineration of raw sludge, with or without 
elutriation, involves the use of larger dewatering and incineration units 
is aptly emphasized by Dr. Fischer. This undeniable fact, together 
with others, seems to indicate clearly that the most economic means of 
disposing of raw sludge, in plants of the sizes covered by Dr. Fischer’s 
survey, is by digestion, elutriation and dewatering on vacuum filters, 
either with or without final drying and incineration. 

It should be emphasized, however, that with modern separate diges- 
tion tanks followed by elutriation and vacuum filtration of the digested 
sludge, it is no longer necessary to continue sludge digestion to the point 
necessary for dewatering on sand beds. Unpublished research data 
show such practice to be economically useless. Sludges taken from the 
new Dorr digesters at Baltimore, when the volatile matter is around - 
67 per cent, show remarkable coagulant savings when subjected to 
counter-current elutriation. The indications of all these data clearly 
point to the fact that just as mechanical dewatering makes sludge dis- 
posal independent of large sand bed areas and season, as well as rela- 
tively extensive time duration, it can also materially decrease digestion 
time and space. This definite possibility of reducing the cost of diges- 
tion equipment clearly points to further material savings in favor of 
Dr. Fischer’s arguments presented in his excellent survey. 














POLICIES AND PROGRESS IN SEWAGE TREATMENT IN 
NEW YORK STATE * 


By Eart DEVENDORF 


Associate Director, Division of Sanitation, State Health Department, Albany, N. Y., also State 
Consultant on Sanitation, W.P.A. 


Since 1931 members of the New York State Sewage Works Asso- 
ciation have played a prominent and important part in the promotion, 
planning and supervision of sewer and sewage treatment plant con- 
struction as a means of relief of the large army of unemployed. 

Although much has been written on the subject and all authorities 
have been in general agreement as to the merits of sewer and sewage 
treatment plant construction from the standpoint of permanent value 
to the country, so far as the writer is aware, no one has presented a 
record of the accomplishments in this field in New York State. It 
would seem fitting, therefore, to present a review of the record of ac- 
complishments in the field of sewer and sewage treatment plant con- 
struction, in particular under the various federal and state agencies 
created to assist local authorities in initiating work relief projects with 
federal and state aid. 

The tables presented below give a record of the sewerage construc- 
tion under P.W.A., C.W.A., T.E.R.A., and W.P.A. in order named. 


Pow hk. 

The accomplishments in sewer and sewage treatment projects under 
the P.W.A. in New York State are summarized in Tables I and II. 
These data were obtained from the office of Mr. Arthur S. Tuttle, Acting 
State Director of P.W.A. 


TaBLE I.—Old P.W.A. Program 
































Per Contracts 
3 : Num- . Cent | Awarded up | Per Cent 
rpes of Pr ts Cos 
Types of Projec ber = of to October | Awarded 
Total 25, 1935 
MMNIINEGS. 6 G.cckcs4a5<0a06% 05% 35 $ 5,780,000 4.7 4,160,000 72 
Sewage and sewage disposal. ....... 33 10,700,000 8.7 8,550,000 80 
Total—all types of projects................ $123,000,000 





New P.W.A. Program 














Types of Projects Number Cost Per Cent 
of Total 
MRE AURVE Ie pero ol a es io Sars o oiela awe 18 $ 1,380,000 1.12 
Sewage and sewage disposal....................... 25 48,000,000 39.0 
Dipti — All tyPOS Ol PTOJOCUS. -. -n 5 on aoe sais esc ae sista nae osigeiens $123,500,000 








* Presented Before the Eighth Annual Meeting of the New York State Sewage Works 
Association, Hotel Astor, New York City, Wednesday, January 15, 1936. 
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From Table I it is readily apparent that while sewerage and sewage 
treatment projects comprised but a small proportion of the first, or 
1933 P.W.A. Program, in the 1935 Program, their cost comprised nearly 
four times that of the 1933 Program, although the number of projects 
was slightly less in the 1935 than in the 1933 Program. This is ac- 
counted for by the inclusion of a number of projects of great magni- 
tude and cost in the 1935 Program, notably the Wards Island New 
York City, Buffalo, Elmira, and Auburn projects. The small percent- 
age of sewer and sewage treatment projects in the 1933 Program is 
also in part due to the time required by municipal authorities to au- 
thorize and have surveys and plans prepared for such construction 
projects. Included among these sewer and sewage treatment works 
projects are many improvements and enlargements that have long been 
recommended by the State Department of Health. 


TABLE IIT.—Sewerage 


1933 P.W.A. Projects 





Place Description Cost 
Canajoharie .........-+-++eees DOWAQE. UTORUMEONE “VWWOEKS G.liscicce 35. d.5/604 a-ore'wteuarace GuahD 55,000 
BRING a5.5y octave wae sos aoe eel Sewave. Crenmtmenh  WOrKS: 565,65 cas o4s0ide eee coe 33,000 
BGIDTANG casi 6 eases n gies Sewerage and Treatment Works ................. 125,000 
HONGBEINCL: 5 aie ¢.0/05 asesaie beso GWE WU RDCORIOUS D6 0525 suisse). cratersiy i ens psaelotie SIRO 19,000 
Wits CAOETIS) .o-6 25s eave eseroe seats Improvements to Sewage Treatment Works ....... 15,000 
RTREMONSL! oi Seis ie wa gie wcele sles oiere Sewer System and Treatment Plant ............. 232,600 
HU SEIINES vio. e056 Gs Sasa s oe oe Connection with Saw Mill Trunk Sewer .......... 19,000 
WAIN oo acts ot ee Se ata ateeets Sewer System and Treatment Plant ............. 319,900 
PGMA WAN os e525 5s osere sree ie ieisie Modification to Sewage Treatment Works ........ 41,800 
EONS oni 1s .o stein GA atau ee Extensions and Treatment Plant ................ 50,000 
ROMUMED: <s.5cusice ep acy ewer eee Additions to Sewage Treatment Plant ............ 57,000 
RAB O WAN pos ans cecsiwler ihn Ses oe seree a teu Sewers and Sewage Treatment Plant ........... 272,600 
COUREMUEBE 25 5.05 ae Sia: 5 o-asre.es ers Sewers and Sewage Treatment Plant ............ 642,500 
RIL Fesiaiiorats.u se) ool weds «wha Wiss ee Sewers and Sewage Treatment Plant ............ 142,000 
PICBARMUVINIO oo stshesis sod He oes Or) SUT 01 ae ate Ce ECONO hon Roan Rear eer 70,000 
WN OONAIE sisi 5: , stasis ets waves Sewer System and Treatment Plant ............. 140,000 
BUOs/ MIOMRCOES ois der Sse ois aT Jo ay eorer ET UNUECE SE NUERn vorreva si 4; 418 aca « srernye 16 Sie'9h' 4: pibusue: ob! ano seses cet Ree oe 
PUUBEREEES vss ysice: sae aus Wie ee ore PSO WatARes RACE! 2555.5. 5 shies car a gh so eee iors acer eresbteretevers 660,000 
BESIRORSIONS Sept 9 Sorbo sstp eS ua ave meee MUSTER EON Be Ce orn tc gis ab oat on tea eNar ally Wiel dchin iaieatos GEIR 702,600 
AGRE NER 5.5:5;5 ie sso Gn ora Sewerage and Sewage Treatment ................ 569,100 
RUMISNODED 25.4%: 0ss Biosci iewais eae PO AWU ASEM SMS HCITER oS. ong- aa rala.is\ ia oy'n> wraunistyn stpticente ewe ees 331,500 
WAT METRITIBS 5-26) 0/orseanere:d ieseoras SOW PRUORISIONS! 005 5:65: c2apt 0.009 0 cools sore ere elds wet stoi 295,000 
WV TEES ERAN 565.5 Sos ges sa 0%" SSN MNIMEE SO NUOE RH 8. o1ci'a cd )a1'5 sa\es 5) iste anos pyeneLRe enw tical neo 255,000 
CHT RRNG 05:0 Ss Ger ead cine tere PROM GER Becton rete sia cayoltie ess jen oi oapet oleisisivi Bote, tare ancien ds Sea 74,000 
F122 Sea Rie ee ae SRE aeat YeE EN ss rs 2a o Ns 15 Sac eses oso Saba. Se Siaac pas gr a ela Oa 222,435 
West Long Beach ........... Sewers and Treatment Plant .................... 42,000 
MITOGEN Be hn eure ae PIV pry Mee ad a aaa ot aiorapeh layer cassie 99 pitied eval gun sagtatone 230,000 
West Haverstraw: <<. 60.6.0 Sewers and Treatment Plant ................... 150,000 
New WOMeOity 66 s4s tends Coney Island Sewage Treatment Plant .......... 1,900,000 
LL es ee eee ae ee eee Filmore-Lovejoy Storm Drain .................. 1,148,370 





Authorized not yet started 





LS 10) ae aS ee oO Treatment Plant Improvement .................$ 106,800 
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TABLE IT.—Continued 
1935 P.W.A. Projects 
Place Description Cost 

New York City Wards Island Sewage Treatment Plant 
New Castle Sewerage System 30,000 
Buffalo Trunk Sewers, Treatment Plant, Ete. ............ 15,000,000 
Auburn Sewers 800,000 
Herkimer Sewage Treatment Plant 75,000 
Cornwall-on-Hudson Sewer System 188,502 
Niagara Falls Treatment Plant 2,200,000 
Yonkers Sewers 310,965 
Maybrook Sewer System 65,000 
Riverhead Sewer D. Sewer System 167,749 
Pittsford Sewage Treatment Plant 100,215 
SEEN SUD isa oss on. ng was 8-00 Modification of Sewage Treatment Plant ........ 81,000 
119,465 
60,000 
60,000 
52,000 
Treatment Plant 146,211 
932,000 


270,572 


Geneseo Sewage Treatment 
Sewage Treatment 

Dickinson, Tn. Sewer System 
CIN ON eo ots os als ise Sewers 
Newfane Sewers and 
Elmira 
Highland Falls 
New Castle, Westchester 

County Chappaqua Sewers 350,000 


Sanitary Sewer (Blind Brook project 383,150 
1,050,000 


T.E.R.A. 

Mr. James P. Lee, Director of the Project Division of 'T.E.R.A. has 
compiled the following information regarding sewer and sewage treat- 
ment plant construction. Shortly after beginning operation the 
T.E.R.A. organized an engineering personnel with district engineers 
appointed throughout various sections of New York State, to promote 
and supervise the carrying out of construction projects. The effect of 
such engineering supervision was noteworthy and resulted not only 
in an improvement in the types of projects undertaken but also in im- 
proved efficiency in the construction methods employed. 

Table III shows a summation of work projects undertaken by the 


TABLE III.—Projects Undertaken by T.E.R.A. in New York State 
November 1, 1931 to November 20, 1933 








Dar C 
% Relief Othe sida Man-Days 

eet ee vier |________] of Work 
Wages Costs 


Cost Wages | Other 


Num- 
ber of 
Pro- 
jects 


Classification 
Provided 





All projects............}| 4,866 |$113,901,948.29 | 100 | $95,649,911.72 | $18,252,036.57 84 16 | 23,467,580 
* Sanitation 697 11,049,675.59 9.7 8,529,750.40 2,519,925.19 77 23 2,141,560 
Water supply..........| 331 3,929,288.53 3.5 2,693,613.78 1,235,674.75 31 605,730 























This table covers work done prior to the C.W.A. 
* Sanitary and storm sewers, sewage disposal plants, incinerators, etc. 


T.E.R.A. in New York State, beginning with the formation of the 
T.E.R.A. in November, 1931, and extending for two years to Novem- 














Vol. 8, No. 2 SEWAGE TREATMENT IN NEW YORK STATE 275 


ber, 1933, covering the work accomplished prior to C.W.A. Of a total 
of about $114,000,000 only $11,000,000 went for construction of sani- 
tion projects, including sanitary and storm sewers, sewage treatment 
plants, incinerators, ete., equivalent to a little less than 10 per cent of 
the total of all types of construction. 

Table IV gives a classification of expenditures undertaken under 


TasLe 1V.—Sewerage and Sewage Treatment Projects Undertaken Under C.W.A. in New York State 
November 20, 1933 to March 31, 1934 
































Num- ed 
he ot Hours of Wages Teams, Other 
Class of Work a Work and Trucks and Materials é Total Costs 
Pro- . “see Costs 
a Per- Salaries Equipment 
jects 
formed 
New construction of sewers, 
drainage and _ sanitation, 
sewage disposal plants, 
INGINGDNEONB sa. 6ses 0s 6e'sacs 321 |9,935,249 | $6,055,832.73 | $310,612.53 | $2,110,803.83 |$84,342.32 | $8,561,591.41 
Repair and maintenance of 
sewers, drainage, etc.......| 99 [1,392,473 829,395.96 36,023.15 176,580.32| 4,138.77 | 1,046,138.20 





* Total expenditures under C.W.A. for all classifications of work performed are not available at this time. 


C.W.A. and covers the period from November 20, 1933 to Mareh 31, 
1934. The total expenditures under this program for all classification 
of work are not available at this time. 

Table V gives a tabulation of work relief carried out under the 


Taste V.—Sewerage and Sewage Treatment Projects Approved by T.E.R.A. in New York State 
April 1, 1934 to July 1, 1935 








Class of No. of | Man-Hours Wages Teams, Other % 
Work or Projects| of Work and Trucks and | Materials Costs Total Costs | Total 
Service or Jobs | Performed Salaries Equipment Aer Cost 


eee = 
Total all projects... 16,188 | 545,999,424 | $322,543,547 | $27,572,940 | $61,981,578 |$5,939,553 | $418,037,618 |100 
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cinerators....... 934 29,127,919 16,119,534 2,017,476 4,982,917 480,982 23,600,909 5.65 
Repair and mainte- 

nance of sewers, 

drainage, ete..... 158 6,003,759 1,972,724 187,970 | 154,977 16,018 2,331,689 0.56 








T.E.R.A. after the close of C.W.A. program, from April 1, 1934, to 
July 1, 1935. Over 16,000 work relief projects were undertaken, at a 
total cost of $418,000,000. Of this amount, 834 new sanitation works 
construction projects were completed, at a total cost of slightly over 
$23,500,000, amounting to a little more than 51% per cent of the total. 
Only 158 repair and maintenance sanitation projects were completed, 
at a cost of a little over $2,300,000, amounting to a little under 14 per 
cent of the total. 











TABLE VI.—To July 1, 1935, the Following Sewerage and Sewage Treatment Work has been 
Accomplished under T.E.R.A.* 


Bislos OF gamitary Bowers CONBITNICLED ... 2... ceeds cc eee c eases are 273 
BEMIS OL ePOTRD HOMOTS MONSUUCION o.oo 6 oss esses eee ssese sore sense en 233 
ee ES RENN icin Sao o4.05 sss Oh 6 oS oe iad awe es oSou we'd 6 27 
Nemmber OF ceasponis Constructed 2.2.0... 00.2 02 e es sec cece sneeesees 77 
Number of sanitary privies constructed .. 0.2.52 .c cece e ccc e ones ees 15 
Number of sewage disposal plants constructed (including septic tanks) 23 
Number of sewage disposal plants improved and repaired ............ 25 


* Some of this work was started under C.W.A. but most of it has been accomplished after 
April 1, 1934. 


Table VI gives a summary of sanitary work carried out under 
T.E.R.A. during the period covered under Table V, namely from the 
close of C.W.A. to July 1, 1935. As indicated in the table 273 miles of 
sanitary sewers and 233 miles of storm water sewers were constructed; 
27 miles of sewers were cleaned; 23 sewage treatment plants were con- 
structed; and 25 treatment plants were improved and repaired. 

It is hardly possible to discuss the details of individual projects, 
but a few outstanding projects have been selected and described below, 
as representative of various types of projects which have been under- 
taken and completed under the T.K.R.A. 


SANITARY SEWERS 


A project was begun May 21, 1934, for the purpose of connecting 
and extending the various existing sanitary sewers into one complete 
system in the Mamaroneck Valley. 

The work, sponsored by the Westchester County Sanitary Sewer 
Commission, consisted of the installation of 14-in. cast iron and 24-in. 
reinforced concrete pipe, the building of 16 manholes, and the trenching, 
tunneling and backfiilling required to install the pipe lines at the given 
grades. 

Of the 4,049 ft. of pipe laid, 1,665 ft. were laid in tunnels where open 
trench work was impracticable or too costly. This necessitated the 
sinking of five access shafts, averaging 27 ft. in depth. While most of 
the tunneling was through solid rock, it was necessary to shore and 
timber certain sections, and to use liner plate wherever soft muddy 
soil was encountered. The open cut work required depths ranging 
from 6 to 33 ft.; with an average of 20 feet. An elaborate system of 
shoring was employed where street openings were made, to protect 
both the adjoining properties and the men working in the trenches. 
Installation of the sewer also involved the removal and replacement 
of 8,498 sq. ft. of concrete pavement and 17,469 sq. ft. of macadam road; 
earth and rock excavation amounted to 7,458 and 1,572 cu. yd., respec- 
tively; backfill totaled 6,930 cu. yd.; also 673 lineal feet of double car 
tracks were removed. 

The entire project, completed September 28, 1935, cost $114,957.42, 
the wages and salaries accounting for $79,296 of this total. The work- 
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ing foree, averaging 8) men on a two shift weekly basis, were given 
102,200 man-hours of work. 

The installation is of direct benefit to the residents affected by the 
entire drainage system, and has been completed at a unit cost compar- 
able to contract work. 


Storm SEWERS 


The City of Buffalo’s recently completed project for the Germania 
Street Storm Water Drain is outstanding not only from the point of 
view of social utility but as an engineering achievement. This project, 
begun in July, 1934, has transformed a wide area of swamp and 
semi-swamp land into potentially valuable industrial property and has 
relieved from seasonal floods a densely settled area of small houses cov- 
ering nearly 40 city blocks. Altogether, about 1,075 acres in South 
Buffalo are benefited. The section is one in which considerable future 
development is indicated. 

The old drain line serving this area was totally inadequate, and in 
every rainy season a vast overflow of storm water and diluted sewage 
drained. off through open ditches and culverts, or followed completely 
exposed natural channels. For years, homes have suffered annual 
floods, cellars have been inundated and streets ruined. 

The Germania Street project involved the laying of twin concrete 
drain pipes, tapering from 78-in. widths in the main sections of the 
line to 60-in. widths as they reached higher ground. The double lines 
extended a distance of 2 1/3 miles. 

These new installations carry out portions of a major sewage and 
drainage program set up after an engineering survey made several 
years ago. The program has been subject to nearly a decade of de- 
bate and delay. Although various groups of citizens had constantly 
fought against the unsanitary and destructive conditions, large-scale 
operations were first made possible through the efforts of the local work 
bureau. 

Most formidable among the many physical obstacles to construction 
was the prevailing high ground water level. Water was frequently 
found within one foot of the surface, and it never ranged lower than 
nine feet. This was overcome by using the Moretrench Wellpoint Sys- 
tem, which consists of a number of well points driven to a depth below 
invert grade and attached to a header leading to a pump. The pump 
sucks the water from the well points into the header and discharges it 
for final disposal. In some sections, after 26 hours of pumping at a 
rate of 192,000 gal. per. hr., the water was reduced to a level of 23 ft., 
enabling excavation to commence within the sheeted trench with abso- 
lutely no interference due to flooding. All excavation was done by 
hand; sometimes the material was passed up three or four stages, de- 
pending on the depth of the trench, before reaching the surface. When 
grades were reached, a 6-in. reinforced concrete mat was laid to carry 
the twin pipes; after the joints were sealed with a cold asphalt com- 
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pound, conerete was poured over tle pipes to spring line elevation, 
thus insuring permanent alignment. 

Soil conditions were everywhere extremely bad. On one section, 
designated as the Germania Outlet, steel sheet piling was necessary for 
the first 400 feet. The invert slab consisted of a 12-in. bar-reinforced 
concrete mat, supported on wooden piles driven 35 ft. to rock. The 
Moretrench System was operated here 24 hr. per day and, although 
the sub-grade of this section was 8 ft. below mean water level of the 
Buffalo River, the men were able to work without boots. 

The Abbott Road and Boone Street Outlet—an addition to the orig- 
inal project—is also to carry drainage from the new lines to the river, 
a distance of 772 feet. A main connecting chamber and a secondary 
chamber, which takes up the overflow from existing lines, were con- 
structed here of concrete. The backfill in this section was mixed with 
concrete in the ratio 1 to 10 to prevent the lines from settling. At the 
point of discharge into the river it was necessary to erect a concrete 
headrail 32 ft. long, 20 ft. high and tapering from 14 ft. in thickness at 
the base to 214 ft. at the top. To support this wall, wood piling was 
driven to a 40-ft. sustaining level. Since this section cut across the path 
of heavy highway travel a temporary road, 200 ft. long, was built to di- 
vert traffic. As in the case of the main line, existing sewers had to be 
dug and relocated. 

The original project, estimated at $657,555.70, was completed for 
$372,062, of which $178,879 was for labor. Excavation totaled 50,000 
cubic yards, backfill 20,000 cubic yards, brick paving 1,800 square yards, 
asphalt paving 150 square yards and concrete sidewalks 20,000 square 
feet. The Abbott Road Outlet, referred to above, has cost $68,472 for 
labor and $82,130 for materials and equipment. A second extension, 
the Interceptor Section, has been completed at a cost of $36,583, in- 
cluding $19,692 for labor. 

Worthy of note are the smoothness with which operations were con- 
ducted and the excellent morale of the workers. A reasonable but de- 
termined discipline was maintained, and the work was carried through 
with miscellaneous relief labor at nearly the same level of efficiency 
that a private contractor could have secured with trained men. These 
factors, together with the low unit costs involved, were due in great 
measure to the supervisor of the project, a member of the local Relief 
Board and a veteran of long experience in such work. This official, 
who gave unstintingly of his time and efforts, served without pay. 

Besides the fact that the Gowanda Street project provided about 
470,000 man-hours of work for an average of 579 men, it can be said 
that it was perhaps the best understood and appreciated of all work 
relief projects by the people of Buffalo. Public reaction could not have 
been otherwise than highly favorable in view of the assured and long 
needed relief from intolerable conditions. 
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SewaceE Disposat Puants 


The problem of sewage disposal is one that has come more and more 
to the foreground in recent years. Unfortunately, because of their 
lack of finances, municipalities have not always been able to conform 
to the State Department of Health requirements concerning raw sew- 
age disposal. To many such communities the work relief program was 
the medium through which they accomplished permanent constructive 
undertakings important to the health of the community. 

An excellent example is the City of Beacon’s recently completed 
sewage disposal plant on Fishkill Creek, a tributary stream of the 
Hudson River. The old plant, abandoned several years previously, 
provided a convenient site for the new installation. To determine fu- 
ture needs, a graph of population growth was drawn, which indicated 
that the population of the district, served by the connecting sewer 
system, would reach 7,000 by the year 1960. 

The city had plans drafted by a firm of consulting engineers, who 
assigned a resident engineer, expert in this type of work, to supervise 
construction. 

After the plans had been approved by the State Department of 
Health, work was started July 6, 1934, with excavation for the clari- 
fiers. The method of sewage treatment decided upon embodied the 
use of mechanical clarifiers with digestion tanks for the sludge and 
sludge drying beds. Two concrete, mechanically cleaned, circular 
clarifying tanks, with center feed, were built to grade 8.5 ft. high, with 
diameters of 26 feet. After excavation had been completed for the 
digestion tanks, also measuring 26 ft. in diameter, forms were set and 
conerete poured for the walls which are 13.5 ft. high. The necessary 
piping and equipment for the collection and burning of gas and recir- 
culation of hot water for heating the digestion tanks in cold weather 
were included in the project. 

The sludge drying beds, laid out in a series of four, cover an area 
of 7,000 square feet. Additional excavation was necessary to provide 
adequate depth for the gravel and sand fill, and also for the construc- 
tion of the concrete walls lining the beds. One-half of the drying area, 
or 3,500 sq. ft., is glass enclosed. The sludge bed distribution system 
consists of stationary castiron pipes with deflector nozzles. 

Other related work included the construction of a pump and boiler 
house, 20 by 30 ft., and a screen house, 17 by 30 feet. To connect the 
plant with the sewer system, 175 ft. of 24-in. vitrified tile pipe was laid, 
while 1,250 ft. of 2-in. line forms a similar connection with the water 
system. Intake and drain lines were placed at the plant. A sludge 
control manhole was constructed and the necessary mechanical equip- 
ment for the operation of the plant installed. During the course of 
construction, plans were revised to make provision for doubling the 
capacity of the plant at some future date. This necessitated moving 
the contact beds one section south to allow room for an additional clari- 
fier tank. The change only involved a slight amount of excavation at 
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the sludge control manhole. The forms used on concrete work were 
removed and stored for future use in the construction of a plant on the 
Hudson River, to serve that part of the city not connected with the new 
system. 

The project, completed June 20, 1935, provided approximately 
39,000 man-hours of work to an average force of 50 men. Total costs 
of $57,569 were distributed as follows: wages and salaries, $29,222; 
equipment, $2,037 ; material, $26,137; other costs, $173. 

This undertaking, requiring a high degree of technical skill, was 
completed to the entire satisfaction of all concerned. Engineers and 
members of the New York State Sewage Works Association, who in- 
spected the plant, commented on the excellence of the work performed, 
and the project was watched with interest by nearby municipalities. 
The city of Beacon, in acquiring one of the most modern sewage dis- 
posal plants in the state, leads the way for other cities, and brings 
nearer the day when the present widespread pollution of the Hudson 
River will be a thing of the past. 


W.P.A. 


Since the W.P.A. started operation only December 1, 1935, it is too 
early to present any summary of its accomplishments on sanitation 
projects, including sewers and sewage treatment plant construction. 
Among those projects in New York State which have received presi- 


dential approval are included some 652 in sanitation, including storm 
and sanitary sewers and sewage treatment plant projects with a total 
allotment of $38,600,000. Of these, 436 with a federal allotment of $18,- 
800,000 have been released for operation as of December 30, 1935. It 
is probable that the total cost of this project will be about $23,000,000. 


SUMMARY 


The tabulations given above indicate the vast amount of public funds 
that have been expended in New York State during the past four years 
of the depression as a means of relief of unemployment. Under 
P.W.A. some $245,000,000 in New York State have been alloted for 
public works construction. Under T.E.R.A. and C.W.A. programs 
nearly $750,000,000 have been expended. We cannot predict how much 
longer it will be necessary to carry on public works projects as a means 
of relief of unemployment. All engineers and public works officials 
should have plans prepared for needed sewer and sewage treatment 
plant construction, in order to be able to initiate the work without delay. 

All public health officials, both national and state, have for years 
endeavored to stress the importance of providing for the construction 
of sewage treatment works, in order to eliminate stream pollution. 
When it is realized that in New York State over three-fourths of the 
population is furnished with public water supplies derived from sur- 
face water sources the importance of controlling stream pollution be- 
comes immediately apparent. Certain of our streams in New York 
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State which are sources of public water supply are at times polluted 
beyond the safe limit to insure the production of waters of safe sanitary 
quality, even though the most complete water purification plants are in 
use and operated under expert technical control. 

Under the National Resources Committee (Formerly National Re- 
sources Board) State Planning Boards were organized in 46 states for 
the purpose of codrdinating and planning needed public works projects 
from the national, state, and local viewpoint. Leading engineers of 
the country are represented on these boards and have stressed the im- 
portance of stream pollution prevention and made definite recommen- 
dations for including sewage treatment plant construction in future 
public works programs. It seems not only logical but essential that 
the recommendations of these organizations for sewage treatment plant 
construction should be given careful consideration and included as : 
major item in planning future works programs with federal or state aid. 





Stream Pollution 





MEASURES OF NATURAL OXIDATION IN POLLUTED 
STREAMS. III. AN EXPERIMENTAL STUDY OF 
ATMOSPHERIC REAERATION UNDER 
STREAM-FLOW CONDITIONS 


By H. W. Srreerer, C. T. Wricut ano R. W. Kener 


U. S. Public Health Service, Cincinnati, Ohio 


The atmospheric reaeration of natural bodies of water has been a 
subject of interest and study to sanitary engineers and chemists for 
many years past, owing to the important relation which it bears to the 
promotion of normal aquatic life in all waters and to the maintenance 
of self-purification in waters polluted by sewage and industrial wastes. 
Although the general laws underlying this phenomenon are well known, 
the extent to which it is governed by certain physical conditions sur- 
rounding natural watercourses, such as temperature, depth, and degree 
of agitation or turbulence has been less clearly defined by specific ob- 
servational data. In view of the need for data of this character, it las 
appeared desirable to present in the following paper the results of some 
experimental measurements of reaeration made in artificial channels 
under flow conditions approaching those of small natural streams. 

The measurements in question were made during portions of the 
vears 1952-35, at the Cincinnati Stream Pollution Investigations Sta- 
tion of the U. S. Public Health Service, in connection with some experi- 
mental observations, now in progress, on the rates at which sewage 
sludge deposits are oxidized under artificial stream-flow conditions sim- 
ilar to those found in polluted natural watercourses. In these experi- 
ments, the most direct method of determining the rate of sludge oxida- 
tion has been to correct the total amount of oxygen absorbed by the 
supernatant water from the atmosphere during a given period of time 
for the observed change in the dissolved oxygen content of the water 
during the same period. In order to apply this method, it was neces- 
sary to predetermine, for the same channels as used in the sludge oxida- 
tion experiments, the rates at which streams of deaerated water having 
no appreciable oxygen demand absorbed atmospheric oxygen when flow- 
ing through them at temperatures, depths and velocities of flow similar 
to those used in these experiments. By amplifying the scope of these 
preliminary reaeration measurements, it was possible to obtain results 
covering a fairly wide range of conditions. . 

For the purpose of these observations, three different artificial 
channels have been used. The first is a flume 1080 ft. long, consisting 
of 12 sections, each 90 ft. long, running parallel to each other and con- 
nected together in series by means of 180° bends. The flow of water is 
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continuous through this flume, its rate being controlled by an orifice at 
the inlet and its depth by adjusting the height of an overflow pipe at 
the outlet. The flume is 6 in. deep throughout its length, the first 90-ft. 
section being 5 in. wide and the remaining 11 sections, 2 in. in width. 
It is constructed of galvanized sheet-iron and was lined with a paraffin 
coating for the measurements herein recorded, in order to minimize any 
errors of measurement due to oxidizing of the metal by the oxygen con- 
tained in the water. 

The second and third channels are of a different type, being prac- 
tically identical with each other except for their dimensions, one being 
a small seale model of the other. Fach one of these channels is ar- 
ranged in parallel sections, connected in such a manner as to form a 
continuous loop, through which water is recirculated by means of a 
motor driven boat propeller, the speed of which can be varied over a 
wide range by reducing gears and different combinations of pulleys. 
The smaller channel, originally designed by Special Expert W. C. Purdy 
for some biological experiments, is of approximately the same cross- 
sectional scale as the continuous-flow channel above described, being 
6 in. deep and 3in. wide. The larger unit is constructed of heavy sheet 
copper, in a tank 10 ft. long and 3 ft. wide, the channel being 18 in. deep 
and 6 in. wide throughout its total length, which is 58.4 ft., including 
bends. 


A. Continvous-FLow CHANNEL EXPERIMENTS 


Observations in the continuous-flow channel were carried out during 
two periods, the first extending from November, 1932 to April, 1933, 
and the second from September, 1933 to January, 1934. Prior to be- 
ginning these observations, an attempt had been made to measure rates 
of reaeration in a series of channels previously used in connection with 
some other experiments.* As these channels were originally connected 
by flexible hose, through overflow pipes, it was not practicable to op- 
erate them without entraining variable amounts of air in the water 
passing through these overflow pipes. The system was accordingly re- 
constructed into a series of 12 parallel sections, with open-end connec- 
tions, forming a continuous flume as previously described. 

In order to provide for continuous deaeration of the tap water pass- 
ing into the channel, two pitch-lined pipe columns containing iron filings 
were installed in parallel with each other and both in series with the 
tap water supply line leading to the channel. Only one of these two 
deaerating columns was usually operated at any time, the second being 
held in reserve and placed in service when the other was disconnected 
for acid treatment to remove the accumulated iron oxide from the sur- 
faces of the filings. This apparatus was a very effective means of de- 
aerating water continuously, as the effluent ordinarily entered the chan- 
nel with a dissolved oxygen content less than 0.5 p.p.m. 

For sampling purposes, eight stations were fixed along the channel, 
each being designated by its section number beginning with the entry 


_ * Hoskins, J. K., ‘‘ Bacterial Purification Rates in Polluted Water.’’ Amer. Jour. Hy- 
giene, 21, 2, 280-301 (March, 1935). 
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section, and by its distance in feet from the entry end of that section, 
The entrance station, designated as 1-5, was located in the first section 
of the channel 5 ft. from the point of inflow. The last station, 12-90, 
was located in the twelfth and last section at its outlet end. The other 
stations, located at intermediate points, were designated as 1-90, 2-90, 
4-90, 6-90, 8-90 and 10-90, their locations being at the outlet ends of 
the sections indicated. . 

The period of the observations covered 213 test days, with two com- 
plete sets of sample collections on each day at all of the stations above 
indicated. Hach sample was taken by means of a siphon at mid-depth, 
its temperature recorded and the reagents for the Winkler test added 
immediately after collection. Preliminary tests made on samples col- 
lected at surface, mid-depth and bottom points and also integrated from 
top to bottom had shown that the mid-depth sample was most nearly 
representative of the average cross-section of the stream. In collecting 
each sample, the bottle was filled slowly and its entire contents displaced 
before inserting the glass stopper and removing the siphon. 

Because of restrictions in the capacity of the deaerator with continu- 
ous flow, it was necessary to limit the rate of flow of water through the 
channel to a maximum of 1.5 gallons per minute. In order to provide 
a sufficient range of flow variation, three different rates were used, 
namely, 0.5, 0.75 and 1.5 gallons per minute. At each rate of discharge, 
several measurements were made with flow depths of 2, 3, 4 and 5 
inches, respectively, each measurement being planned so as to embrace 
a different range of water temperatures. The major difficulty met in 
the tests was inability to control the temperature of the channel stream 
throughout a given day, as the channel was located in a glass-enclosed 
‘‘oreen-house’’ which absorbed heat from the sun and the outside at- 
mosphere. In the summer, the temperature inside the enclosure in- 
creased rapidly during the day and the water flowing in the channel 
became progressively warmer from early morning to late afternoon. 
On extremely cold mid-winter days, this trend was reversed. In both 
cases lag in the readjustment of the dissolved oxygen saturation values 
occurred in the stream between inlet and outlet, and this sometimes in- 
troduced a slight error into the calculation of rates of oxygen absorp- 
tion based on saturation deficiencies. The most favorable periods for 
the observations were in the spring and autumn, when temperatures in- 
side and outside the channel enclosures were more nearly equalized and 
on occasional days in summer and winter when similar conditions pre- 
vailed. As far as practicable, the observations were confined to these 
more favorable periods, though it was not always feasible to do so. 

In order to show a typical set of results from an individual experi- 
ment, Table I has been prepared from the observations made during ¢ 
single day, with a mean water depti of 4 in. in the channel and a rate 
of discharge of 3/4 gal. per min., giving an average rate of flow of 1.6 
ft. per min. from the inlet to the outlet of the channel. 

In this table it will be noted that the dissolved oxygen content of the 
water entering the channel (Sta. 1--5) was 0.23 p.p.m. or 2 per cent of 
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Tanumel Results of Observations Obtained from a Typical Experiment in the Continuous-flow 
Channel, with Mean Depth = 4 Inches and Discharge = 0.75 Gal. per Minute 
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Dissolved Oxygen Content Reaeration Rate, from Sta. 1-5, as: 
| Water 
Station song Obs'd bse Bed ko f rs To 
. cit (Per (Per 
rape, Sat’n P.p.m day) min.) G 
' p.m. ) . ims./sq.m./day i. 

yi aera 10.0 0.23 2.0 11.10 
1-90...%. 10.0 — 1.07 9.4 10.26 0.42 .0068 1.06 1.12 
2-90... ... 10.0 1.37 12.2 9.96 40 .0065 1.01 1.10 
4-90. .... 9.7 1.98 17.3 9.43 38 .0062 .96 1.07 
6-90), y's 9.5 2.64 23.1 8.82 38 .0062 .96 1.10 
8-90....%) 9.5 3.06 26.7 8.40 .37~—|, ~.0060 .89 1.05 
10-90... ».. 9.5 3.77 32.7 7.69 40 .0065 91 Lil 
12-90... .. 9.5 4.24 | 36.0 7.22 40 0065 | .88 1.10 





saturation, increasing from this amount to 4.24 p.p.m., or 36 per cent 
of saturation at the outlet (Sta. 12-90). In the right-hand section of 
the table the rates of reaeration observed from the entrance station to 
each successive downstream point have been expressed in four different 
ways, all having been described in the second paper ™* of this series. 

The coefficient (kz), as given, is a measure of the proportionate rate 
of absorption per unit of water volume per day. Corresponding rates 
per hour would be indicated by figures 1/24 of those given. The co- 
efficient (f), which is the same as Adeney’s constant, defines the pro- 
portionate rate of oxygen absorption per square centimeter of water 
surface per minute. In the units stated, numerical values of (k.) and 
(f) are connected by the following relationship: 

5.84 kid 


f =»—_—_- 


1440 


where (d) is the mean water depth in inches. 

The rate (r,) represents the observed amount of oxygen absorbed, 
in grams per square meter of water surface per day, as figured from the 
measured gain in D.O. content from Sta. 1-5 to each point. The rate 
(r,) has been obtained by dividing the observed rate (r,) by the average 
oxygen saturation deficiency in each stretch of the channel. It repre- 
sents the maximum or ‘‘initial’’ rate of absorption at zero oxygen 
saturation, assuming that the rate is directly proportional to the per- 
centage of saturation deficiency. This assumption has been definitely 
confirmed under stream-flow conditions by results which will be re- 
ferred to later in this paper. It will be noted in the table that coin- 
cidently with diminishing oxygen saturation deficiencies and increasing 
percentages of saturation in the water, the observed values of (1;) 
tended to decline, whereas the corresponding ‘‘initial’’ rates (r,) re- 
mained very nearly constant. 

* THIS JOURNAL, 7, 534-552 (May, 1935). 
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From the results of individual observations made at vari 
temperatures, depths and rates of flow, a series of tabula 
made, based on average results obtained for each depth and r 
with mean water temperatures in the channel falling within 
ferent ranges, varying slightly for the different series, but apf 
ing the ranges, 0-10° C., 10-20° C., and 20-30° C. In Ta 
given a tabulation of these average results, being obtained inj 
from observations made with a mean flow depth of 3 inches, af 
of 0.75 gal. per min. through the channel, and three differen 
of water temperature. In this table, the values of (k, 

(r,) have been calculated as in connection with Table ‘ 


TABLE II.—Average Results of Observations with Mean Depth of Flow 3 Inches and Ratéig 
0.75 Gal. per Minute (Divided into Three Temperature Groups) 
Temperature Range: 0-10° C. 





i: ma 1004S | 
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| 12.20 | From Sta. 1-5 
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6.2 11.60 0.35 .0043 0.57 | 

10.1 10.99 52 .0063 82 | 
15.2 10.30 52 .0063 84 
19.0 9.81 48 .0058 .80 
23.2 9.25 .48 0058 .78 
26.6 8.87 46 0056 75 

29.7 | 8.43 46 0056 72 
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88 
.92 
.90 
89 
88 
.86 





Temperature Range: 10—20° C. 





10.68 | From Sta. 1-5 
9.46 0.83 .0101 
12.1 9.05 80 .0097 
20.0 85 .0104 


2.0 | 
| 

247 | 7: 76 | .0092 
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9.6 


30.1 75 .0091 
34.2 .70 0085 
38.4 69 0084 

















Temperature Range: 20-30° (¢ 





2.8 | 9.41 | From Sta. 1-5 
1.5 | 802 |] 1.12 0136 
| 7.44 | 1.16 0141 
| 6.31 1.28 .0150 
25.8 2.71 32.8 | 5.54 1.19 0145 
26.6 3.20 39.4 | 4.93 1.14 0139 


17.3 0.27 | 
20.6 1.04 | 

22.1 137 | 15.5 
24.4 2.16 | 25.5 


26.7 3.61 44.5 4.50 1.07 .0130 
27.3 3.87 48.2 4.15 1.01 0123 

















1.05 
1.08 
1.21 
1.18 
a ied 
1.14 
1.09 





In Table II, it is noted that in the higher ranges of temperature, a 
measurable increase was observed in the total amount of oxygen ab- 
sorption, both in parts per million and in percentage of oxygen satura- 


tion, between the entrance point and each downstream station. 


This 
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tendency was also reflected by increased values of (k:), (f), (7) and 
(r,) in the higher temperature ranges. 

In Tablé III a complete set of average results has been given for 
the entire length of the channel extending from Station 1-5 to Station 
12-90, the data being divided primarily into three temperature groups 
and secondarily according to rates and depths of flow. In the last 
column of the table, the observed rates of reaeration (r,) have been 
omitted, their equivalent initial rates (r,) at zero oxygen saturation 


TapLe II].—Measured Rates of Reaeration, Stations 1-5 to 12-90, under Various Conditions of 
Temperature, Flow and Depth, with Depths = 2, 3, and 4 Inches 








Discharge Depth, Velocity, ke Te 


f 
Gals./Min. | Inches Ft./Min. (Per day) | (Per Min.) Gms./sq.m./day 





Temperatures: 0—10° C. 





2.2 0.53 
37 
.26 


3.2 a 
2.2 46 
1.6 .20 





6.4 91 
4.3 4 
3.2 42 








Temperatures: 10—20° C. 





2.2 88 0071 
1.4 06 .0068 
i 34 .0055 


3.2 0086 
2.2 0084 
1.6 53 0086 


6.4 2 .0123 
4.3 .93 0113 
3.2 69 0112 








Temperatures: 20-30° C. 





2:2 1.15 


3.2 1.65 
2.2 
1.6 82 


6.4 
4.3 
3.2 
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being given. Although the rates of reaeration as given in the table 
for each temperature and rate of flow were influenced by two variables, 
the velocity of current and the depth, the effect of each one of these two 
variables can be roughly gauged by comparing individual figures. 
Thus it is shown that with approximately equal velocities of flow, the 
surface rate of reaeration, as represented by (f) and also by the initial 
rate (r,), tended to increase slightly with the depth of flow. More 
clearly shown is the marked increase in reaeration rate with the veloc- 
ity of flow, as is indicated by comparing the rates observed at the same 
depths and different velocities. . 

In order to facilitate comparison of the rates of reaeration observed 
at different velocities of flow, the results given in Table IIT have been 
averaged for all three depths of flow and summarized in Table IV. 
As the mean depth of flow was the same for each set of results (i.e. 
3 inches), the effect of this variable has been eliminated and the in- 
fluence exerted on the observed rates of reaeration by increases in the 
velocity of flow are due wholly to corresponding increases in the stream 
discharge. In this table, as in Table III, the observed rates (r;) have 
been omitted, as they were influenced by slight variations in the per- 
centages of oxygen saturation in each temperature and flow group. 


Taste 1V.—Average Values of (kz), (f) and (ro) for All Depths as Observed from Station 1-5 to 
Station 12-90 

















Temperature Discharge Velocity k f ‘ 
Range, °C. Gals. /Min. Ft./Min. ™ 
ee 50 1.6 0.39 | 0042 0.74 

Py 63) 2.3 46 .0049 85 

1.50 4.6 62 .0069 1.16 

| a eer 00 1.6 9 .0065 .78 
75 2.3 76 .0085 1.07 

1.50 4.6 1.05 | .0116 1.35 

| 

0. ......... 50 "16 — — — 
75 2.3 1.16 .0130 1.23 

1.50 4.6 1.70 _ 0187 1.65 




















Reference to Table IV shows that values of (k.), (f) and (r,)' in- 
creased consistently with the velocity of flow, indicating corresponding 
increases in the rate of reaeration. In Figure 1, the data of Table IV 
have been plotted on logarithmic scales, with velocities of flow as 
abscissae. Denoting the velocity as (V), the following relationships 
between (V) and (k.), (f) and (r,) have been derived from the plots: 
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the specific rate of:biochemical oxidation and its mean value has been 
given, as approximating 1.047, from observations cited by Phelps 
and the writer and confirmed by later observations of Theriault. In 
the present ease (9) has been taken as a measure of the effect of in- 
creased tentperatures on average values of (k.), (f) and (r,) as ob- 
served in the three temperature ranges, 0-10° C., 10-20° C., and 20- 
30° C. 

Assuming fer purposes of computation that the interval of mean 
temperature between each successive pair of these ranges was 10° C., 
which it closely approximated, values of (6) may be calculated readily 
from the data of Table IV. If, for example, the values of (k.) observed 
with a mean discharge of 0.5 gal. per minute and the temperature 
ranges 0-10° ‘aiid 10-20° be used for such a calculation, we may write 
that , : , 


Ox = 1.515 
, 0.39 
whenee,@ = (4.515) '/"° — 1.042. 
By following the same method for the other corresponding values 
of .(k.), (f) and (7), the following values of (8) have been obtained 
trom Table TY. 
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If corresponding values of (8) be computed from the coefficients of 
(V) in the relationships derived from Figur@1, the following results 
are obtained: iY 
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The significance of these values may be explained by noting that a 
value of (8) equal to 1.047, the average obtained from (k.) ratios in 
the first series, means an increase of 4.7 per cent in the value of (k.) 
for each degree Centigrade increase in temperature. Although the 
values of (6) based on the specific constants (k.) and (f) are shown to 
have agreed very closely, those derived from the rate (7,) were dis- 
tinctly lower, being unaffected by changes in oxygen saturation at dif- 
ferent temperatures. It is of interest to note that the latter values, 
averaging 1.015 and 1.016 for the two series, were very nearly the same 
as the value, 1.0159, derived by Streeter * from data reported by 
Haslam, Hersey and Keen + from their extensive observations of the 
absorption of gases by water at different temperatures. Although this 
value was originally suggested as a correction factor for temperature 
variations in the specific rate coefficient (k.), a later review of Haslam, 
Hersey and Keen’s data has indicated that it is more correctly applica- 
ble to variations in the rate of reaeration per unit of surface area; 
hence, is directly comparable with the above values based on the 
rate (1,). 

It also is of interest to note that the average values of (6) obtained 
for (k.) and (f) from the present experiments, ranging from 1.044 to 
1.048, were practically equivalent to the value 1.047 reported by Streeter 
and Phelps ¢ from their observations of temperature variations in the 
specific rate of biochemical oxidation of sewage and polluted water. 
This would indicate that the rate of atmospheric reaeration observed 
in these experiments was influenced by temperature variations to about 
the same extent as is the rate of biochemical oxidation of waters pol- 
luted by sewage; possibly a coincidence, but convenient as a matter 
of record. 

Effect of Depth Variations.—Little if any indication was evident 
from the foregoing data as to any consistent influence exerted by varia- 
tions in the stream depth on the rate of surface reaeration, though 
plots of the data in Table III, with velocities of flow as abscissae and 
values of (f) or (r,) as ordinates, have shown a tendency toward 
slightly increased surface rates of reaeration with increased depths. 
It is possible that in the case at hand the differences in flow depth were 
too small to bring out clearly any well-marked effect of this variable, 
except to suggest that where the depth was increased, with a given 
mean velocity of flow, some hydraulic condition may have caused a 
slightly greater degree of turbulence than with more shallow depths. 

Influence of Diffusion. In connection with the foregoing experi- 
ments, an opportunity was afforded to test the applicability of the 
laws of hydro-diffusion to the absorption of atmospheric oxygen by 
streams of water moving along a smooth channel with extremely slow 
current velocities and under conditions approaching closely those of 
stream-line flow. The theory underlying this phenomenon in quiescent 


* Public Health Reports, February 12, 1926, pp. 247-262 (Reprint No. 1063); Trans. 
Amer. Soc. C.E., 89, 1351-1364, 1926. 
t Jour. Ind. and Eng. Chemistry, December, 1924, 1224-1230. 
¢ Public Health Bulletin No. 146, U. S. Public Health Service, pp. 8-9. 
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and semi-quiescent bodies of water was developed originally by Black 
and Phelps,* and applied by them to calculations of the relative effect 
of atmospheric reaeration in the waters of New York harbor. From a 
study of Fick’s law of hydro-diffusion, they developed the following 
equation between the initial D.O. content of a column of water, its final 
content after any given time and the various dimensional factors con- 
cerned: 


B 0.105" — 0,0019* 
D—100— (1 ——) *81.06-( 0.779" |. - oe ore )| 
100 Y 25 


where B — initial D.O. in per cent saturation 
D =final D.O. in per cent saturation 
kK =a constant for each experiment 
mat 2.467 at 








LT? DL? 
¢ = time in hours 
I, = depth of water in centimeters 
a = diffusion coefficient, varying with the water temperature. 


uj 


In the present instance, the effect of variations even in extremely 
low velocities of flow on the rate of reaeration was apparent, though 
the gradient of this effect was so low as to suggest that some influence 
other than physical agitation was operative. From the trend of the 
plots in Figure 1, it is thus apparent that with velocities of flow ap- 
proaching zero, or a state of complete quiescence, the rate of reaeration 
remained appreciable in magnitude, averaging nearly one gram per 
square meter per day in terms of (r,) with an extremely low velocity 
of one foot per minute. 

In order to test the application of the Black-Phelps formula to the 
present data, a number of calculations were made of the changes in 
dissolved oxygen saturation, between certain successive stations in the 
channel, resulting from diffusion, based in each case on the observed 
D.O. content at the next upper station, and the results were compared 
with those correspondingly observed. In Table V is a typical set of 
results of these calculations, based on four individual experiments made 
during a period in which the water temperature approached 20° C. 
In this table the successive steps in each calculation are shown by in- 
dicating the numerical values, both observed and computed, of the vari- 
ous terms in the Black-Phelps formula. In the two columns at the ex- 
treme right-hand edge of the table are compared the calculated percent- 
ages of D.O. saturation and those actually observed. 

On reference to this table, it is noted that the calculated changes in 
D.O. between each successive pair of stations corresponded quite closely 
to the observed changes, though with two exceptions they were slightly 

* Black, W. M., and Phelps, E. B., Report on Discharge of Water into New York Harbor, 


1911. (Reprinted in Contributions from the Sanitary Research Laboratory and Sewage Ex- 
periment Station, Mass. Institute of Technology, Vol. VII, 1911.) 
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TaBLE V.—Calculated Changes in D.O. Saturation from Station to Station in Continuous Flow 
Channel by the Black-Phelps Diffusion Formula,* as Compared with Observed Results, Based on 
Data from Four Fwperiments. Discharge = 0.75 Gals. per Min. Mean Velocity of Flow = 2.3 Ft. 


per Min. 














Stations Final D.O.— 
i ees Sum. rae. % Sat. 
Dale Mean ae t 5 | Se? | By of — 
1932 |_ ‘ T — "| (hrs.) sa GO) ale 100] | Series i t) Cale’d 
From| To C. (2) “@) “Dp” | Obs’d 
(4) 





5/10 | 1-5 | 1-90] 17.5 | 1.2 | 2.0 | 100 | 0.059 0.950 1.112} 85.6 14.4 | 12.8 
1-90 | 4-90] 18.4 | 1.3} 2.9 | 137] .068 872 1.106 | 78.0 | 22.0 | 20.7 
4-90 | 8-90} 19.0 | 14 | 4.2 | 161) .090 793 1.093 | 70.0 | 30.0 | 27.8 
8-90 {12-90 | 19.4 | 14 | 4.5 |197] .079 722 1.097 | 64.0 | 36.0 | 34.0 


5/11 | 1-5 | 1-90} 17.7 | 1.2 | 2.0 | 107] .055 884 1.112| 79.2 | 20.8 | 19.7 
1-90 | 4-90] 18.6 | 1.3 |} 2.9 | 187] .068 803 1.104] 71.8 | 28.2 | 28.8 
4-90 | 8-90} 19.3 | 1.4 | 4.2 | 161] .090 712 1.091 | 63.0 | 37.0 | 33.3 
8-90 |12-90 | 19.6 | 14 |] 4.4 | 181] .084 .667 1.095 | 59.3 | 40.7 | 37.4 





5/12 | 1-5 | 1-90} 18.5 | 1.3} 2.0 | 107] .060 815 1.109} 73.2 26.8 | 23.5 
| 1-90 | 4-90] 19.1 | 14] 2.9 | 187] .073 765 1.101} 68.2 | 31.8 | 30.0 
| 4-90 | 8-90} 19.4 ; 14 | 4.2 | 161} .090 .700 1.091} 61.9 | 38.1 | 34.5 
8-90 |12-90 | 19.5 | 14 | 4.4 | 181] .084 655 1.096 | 57.9 | 42.1 | 37.8 






































| 
5/13 |1-5 | 1-90] 19.9 | 1.4 | 2.0 | 107] .062 762 |1.108| 68.4 | 31.6 | 31.5 
pee 4-90} 21.0 | 1.6 | 2.9 |137] .083 685 |1.095| 60.8 | 39.2 | 40.6 
| 4-90 | 8-90} 22.0 | 1.8} 4.2 | 161] .115 594 11.077] 51.7 | 48.3 | 45.4 
| 8-90 12-90] 22.4 | 1.9 | 4.4 |181] .115 546 |1.077| 47.6 | 52.4 | 49.0 
2.467 ai 1.105*  0.0019* 








(1) = (2) Sum of series = (o.r708 + ) (3) Product 


[? 


9 25 
= [(1—B/100)9-81.0625- Sum of Series]. (4) D = 100 — Product (3). 


higher than those observed. This one-sided deviation may have been 
due to the fact that the actual times of flow of water between the sta- 
tions were less than those assumed, which were based on the mean 
velocity of flow, or to some other systematic error of observation. The 
striking general agreement between the calculated and observed re- 
sults suggests, however, that under the extremely sluggish conditions of 
flow prevailing in the continuous-flow channel during the course of these 
experiments, hydro-diffusion probably exerted a primary influence on 
the total amount of oxygen absorbed through reaeration, with slight 
agitation of the water resulting from its slow movement playing a 
secondary part. 


B. RectrcuLatTion CHANNEL EXPERIMENTS 


In the continuous-flow channel experiments, described in the fore- 
going part of this paper, the observations were necessarily restricted 
to low velocities of flow, ranging below 10 ft. per minute. As velocities 
of this low order of magnitude would constitute an extremely sluggish 
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current in a natural stream, it was desired to carry out some further 
measurements at high velocities, ranging up to 40 or 50 ft. per min. or 
more, in order to approach more closely the conditions fownd in fr eely- 
flowing streams. 

For this purpose it was possible to utilize the recirculation principle 
in a channel of relatively short length, by arranging the channel in the 
form of a continuous loop, as previously described. Both the larger 
and smaller channels of this type were arranged in six parallel sections 
or bays, connected in series with each other, with a cross-connecting 
section at one end of the tank joining the ends of the first and sixth 
bays and thus completing the loop. In the following table are shown 
the comparative main dimensions of the two channels: 


Small Large 
Channel Channel 
Length of containing tank ............. 27 in. 120 in. 
NT Oe) Se eee ce ee 18 in. 36 in. 
Cross-sectional width of bay ............ 3 in, 6 in. 
Cross-sectional depth of bay ............ 6 in, 18 in. 
Cross-sectional area of bay ............ 18 sq. in. 108 sq. in. 
Total volume at full depth ............ 60.6 liters 1240 liters 
BUTINRNTEINOP EDR. 55 ose bo 0 000s 2 ee ww so oe 0.398 sq. meter 2.71 sq. meters 
Total length of flow for one circulation ... 17.2 ft. 58.4 ft. 


In the second bay of each channel is a horizontal shaft, running 
lengthwise, equipped with inclined propeller blades which rotate with 
the shaft. Power is transmitted from a small motor through a speed- 
reducing gear and step-pulleys. Variations in the speed of rotation of 
the propeller shaft are obtained through different combinations of 
pulleys, the motor being of constant speed. Velocities of fiow of water 
in the larger channel may be varied from 2 to 73 ft. per min. by varying 
the depth of water from 15 to 9 in. and the speed of the propeller ro- 
tation from 40 to 800 r.p.m., the velocity of flow being nearly propor- 
tional to the propeller speed with a given depth of water. 

The method of operating the recirculation channels differed in one 
respect from that of operating the continuous-flow channel, in that the 
same body of water remained in them throughout a given experiment. 
In order to observe the rate of absorption of atmospheric oxygen by 
water flowing in one of the recirculation channels, it was necessary to 
measure the rate of increase in the dissolved oxygen content of a fixed 
volume of water, partially or wholly deaer ated initially. With the 
smaller channel, it was a comparatively simple matter to pre-deaerate 
the relatively small volume of water required, by passing it through a 
column of iron filings in filling the channel tank to a given depth, as the 
period of filling it was sufficiently short to allow only a small degree of 
reaeration during this operation. 

In the larger channel, however, the time required for adding to the 
tank the much larger volume of w ater needed was so long that reaera- 
tion had advanced to a very considerable degree when the filling opera- 
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tion had been completed; hence, it was necessary to seek another 
method, permitting deaeration of the water after it had been added to 
the tank. The method which gave the best results involved the use of 
sodium sulphite as a deaerating medium, followed by the addition of 
just enough chlorine to the deaerated water to neutralize the excess of 
sulphite not absorbed in the deaerating reaction. By careful regula- 
tion of the amounts of sulphite and chlorine added, it was found pos- 
sible to deaerate the entire contents of the channel within a few minutes 
of time and then proceed with the reaeration measurement, starting 
with a water containing usually less than 1.0 p.p.m. of dissolved oxygen. 
The reactions involved were very simple, being as follows: 


(1) Na.SO, + O (from the water) — Na.SO, 
(2) Na.SO, (excess) -+ Cl, + H.O > Na.SO, + 2HCL 


In making the subsequent dissolved oxygen tests, it was necessary 
to deal with a slight excess of chlorine present in the water, but as the 
excess was usually very small, this correction was not difficult and en- 
tailed no appreciable error. 

An alternative method of measuring rates of atmospheric reaera- 
tion in the recirculation channels was suggested by the work of 
Miyamoto * and his associates in Japan, who used solutions of sodium 
sulphite to measure the ‘‘initial,’? or maximum, rates of absorption of 
atmospheric oxygen at zero oxygen saturation in the absorbing solu- 
tion. The theory underlying this method of measurement is that as 
oxygen is absorbed at the surface of a sulphite solution, it is rapidly 
reabsorbed by the sulphite in accordance with the simple reaction (1) 
above stated. Hence the surface absorption always proceeds at the 
maximum zero saturation rate consistent with the temperature, the 
oxygen gas pressure at the surface and the degree of agitation of the 
absorbing solution. This general method of procedure was tried in the 
present series of experiments, with results which will be described at a 
later point in this paper. 

Measuremeits With Pre-deaerated Water.—For the first series of 
series of experiments, the smaller recirculation channel was used, tap 
water being pre-deaerated by passing it through a column of iron filings 
and thence into the channel to a depth approximating 4 inches. A dif- 
ferent velocity of flow was obtained for each experiment by varying the 
propeller speed. In other experiments the depth was varied from 3 to 
) in. and the water temperature from 10° to 20° C. 

In order to illustrate a typical set of results from the individual ex- 
periments, Table VI has been prepared, showing the results of a 3.5-hr. 
test with a mean water depth of 3.8 in. and a velocity of flow 23.8 ft. 
per minute. In the first section of the table are recorded the observed 
water temperatures and dissolved oxygen contents, determined a 
15-min. intervals up to the 3-hr. reading. The latter have been con- 
verted to percentages of saturation and saturation deficiencies, based 


* Bulletins of the Chemical Society of Japan, Vol. 2 (1927), 74-78; Vol. 3, No. 4 (1928), 
98-101; Vol. 5, No. 8 (1930), 229-240; Vol. 5, No. 11 (1930), 321-325. 
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on standard saturation values for distilled water at the recorded tem- 
peratures. In the second section of the table, the observed increases 
in dissolved oxygen during each successive interval have been converted 
to rates per hour, in milligrams per liter (p.p.m.) and the ecrrespond- 
ing mean percentages of oxygen saturation have been computed from 
those observed at the beginning and end of each interval. 


TaBLe VI.—Results of Typical Measurement of Atmospheric Reaeration in Small Recirculation 
Channel, with Stream Depth 3.8 Inches and Velocity of Flow 23.8 Feet per Minute (Tap Water 
Pre-deaerated by Iron Filings) 















































Tj | D.O. Increase 
ime 
from Temp. — % Sat’n | Deficit seas tte Avg. 
Start (eC) P ‘ oa Sat’n % | Ppm. Sat’n 
(Hrs.) — Obs’d Rate per | * 
Hr. | 
0.00 13. 1.41 13.3 86.7 9.19 
2.34 9.36 29.4 
125 13. 3.75 35.4 64.6 6.85 
1.48 5.92 42.4 
50 13 5.23 49.3 50.7 5.37 
1.37 5.48 55.8 
75 13. 6.60 | 622 37.8 4.00 
| | 91 3.64 67.0 
1.00 13.5 751 | 71.9 | 28.1 2.97 
| 71 2.84 75.2 
1.25 13.5 8.22 | 78.6 21.4 2.26 
| | | A6 1.84 81.2 
1.50 14. 8.68 | 83.7 | 16.3 | 1.69 
| Al 1.64 85.7 
1.75 14. 9.09 | 87.7 | 12.38 | 1.28 
| 25 1.00 88.9 
2.00 14. 9.34 | 90.1 9.9 1.03 
25 1.00 91.3 
2.25 14. | 9.59 | 92.5 7.5 .78 
ae A4 93.6 
2.50 14. | 9.70 | 946 5.4 | 56 
| | | | | 05 20 94.8 
2.75 14.5 | 9.75 95.1 1.9 51 
08 32 95.5 
3.00 145 | 9.838 95.9 4.1 .43 | 
| | | 05 10 96.6 
3.50 15. | 9.88 97.3 2.7 27 

















A plot of these oxygen absorption rates against the mean percent- 
ages of oxygen saturation is shown in Figure 2. Although the posi- 
tions of these points were influenced to some extent by errors of ob- 
servation and by the assumption of a constant average oxygen satura- 
tion during each successive time interval between samplings, their close 
approximation to a straight-line trend is clearly shown, thus indicating 
that the rate of absorption of atmospheric oxygen tended to vary in- 
versely with the degree of oxygen saturation and directly with the 
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saturation deficiency. This observation was confirmed by the results 
of every test made during the experiments. 
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Fig. 2.—Plot of data in Table VI. 


A more exact way of showing this relationship is illustrated by Fig- 
ure 3, in which semi-logarithmic plots have been made of the data from 
five separate experiments of the same series, including the one dealt 
with in Table VI and Figure 2. In this chart, the time scale is linear, 
as in Figure 2, but the ordinate scale is logarithmic and on it are plotted 
the oxygen saturation deficiencies observed initially and after each suc- 
cessive interval of time. It will be noted that the plotted trend of these 
deficiencies was downward from the origin along straight lines having 
different slopes, each slope being a measure of the rate of decrease in 
saturation deficiency and hence the rate of reaeration. As the slope of 
a particular line is measured by the constant (k.), the initial saturation 
deficiency at zero time by (D,) and the remaining deficiency at any time 
(t) by (D,), the equation of the line may be written as: 


log D,= log D, — kat 
whence 
D, 
log D, —log D, = log — = — k.t. (1) 


a 


When expressed in terms of natural logarithms this equation becomes: 


D, 
In — = — 2.8 kit. (2) 
D, 
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Differentiating expression (2), we have 


dD, 
ae 
D, 
whence 
dD, 
sa oe BSED. (5) 
dt 






“ppm 


a 


~ 


Observed DO. Saturotion Deficienc 


S 
8 


4 
Time in Hours trom Start 


Fic. 3.—Semi-logarithmie plot of data from five experiments, showing linear relation be- 
tween time and logarithms of observed oxygen saturation deficiency, and illustrating variations 
in specific rate of reaeration (k,) with different velocities of flow. 


As the differential coefficient (dD,/dt) is a measure of the momen- 
tary rate of oxygen absorption at any time (tf), equation (3) shows that 
this rate is directly proportional to the oxygen saturation deficiency 
(D,), whenever the course of oxygen absorption follows a true loga- 
rithmic time-function curve such as illustrated in Figure 3. The nega- 
tive sign of this rate in the equation is due to the fact that in an oxygen 
absorption of the kind portrayed, the oxygen saturation deficiency (D,) 
and hence the rate of absorption is a diminishing function of- time. 

The effect of applying equation (3) to the experimental data of 
Table VI is shown in Figure 4, in which numerical values of (dD,/dt) 
designated by the symbol (r;,), have been calculated for each successive 
observation in the experiment and plotted against corresponding ob- 
served oxygen saturation deficiencies. In this case the plotted rates 
fall almost exactly along a straight line, which also follows closely the 
trend of the points transcribed from Figure 3 (indicated by the crosses). 

The chief interest of these preliminary experiments, aside from 
establishing a working technique for further observations, was in the 
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consistent evidence afforded by them as to the direct proportionality 
existing between the rate of absorption of atmospheric oxygen by a 
moving body of water and the degree of oxygen saturation deficiency 
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Fic. 4.—Plot of reaeration rates (r+) as caleulated from equation (3) and from observed in- 
creases in dissolved oxygen content. 


prevailing in the water at a given time. Although this proportionality 
has in general been assumed as being in accordance with the laws gov- 
erning similar liquid-gas absorption phenomena, experimental evidence 
bearing directly on its applicability to flowing streams of water has 
been somewhat lacking. Its demonstration in the present instance over 
a wide range of saturation values and flow velocities, the latter varying 
from those of extremely sluggish to fairly rapid flow, was further con- 
firmed by the results of later experiments in the larger channel. 

From values of the reaeration coefficient (k.) determined as illus- 
trated in Figure 3, it was possible to calculate by means of equation (3) 
for each one of the seven experiments previously described, the maxi- 
mum rate of atmospheric reaeration at an assumed zero degree of 
oxygen saturation, for comparison with the other rates observed at 
different velocities of flow. In Table VII are given the data on which 
this ealeulation was based, together with the resulting initial rates, 
designated as (r,), expressed in parts per million per hour and grams 
of oxygen per square meter of water surface per day. In calculating 
(r,) for an assumed zero oxygen saturation, the total oxygen saturation 
value (D,) at the observed mean water temperature was taken as the 
value of (D,) for substitution in the formula. For experiment (1), the 
resulting rate was calculated thus: 


r, = 2.3. .049 & 10.83 = 1.22 p.p.m, per hour, 


the remaining rates being similarly obtained. 
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An inspection of Table VII shows the direct relationship observed 
between the maximum rates thus calculated and the mean velocities of 
flow. As the average temperature for the several experiments varied 
over a comparatively small range, this factor probably exerted little 
influence on the relationship observed. 


TaBLeE VII.—Results of Seven Reaeration Measurements in Small Recirculation Channel, Using Tap 
Water Pre-deaerated by Tron Filings 


























| 
Expt. Avg. Velocity | ke | D, a 
No. Temp. °C. Ft./Min. | (Per hour) P.p.m. ‘si 

| | P.p.m./hr. | Gms./sq. m./day 

1 12.0 26 | 049 | 10.83 1.22 3.0 

2 14.3 3.3 | 060 | 10.30 1.42 3.5 

3 14.7 6.9 093 10.22 2.19 5.3 

4* 15.7 4. | 217 | 1001 5.00 12.2 

5* 18.7 | 14. 245 | 9.41 5.30 12.9 

6 14.0 | 23.8 AT6 | 10.37 11.34 27.6 

7 12.8 | 40. 1.51 10.65 36.9 90. 





* Check runs. 


In the corresponding series of measurements with deaerated water 
in the larger recirculation channel, it was found impracticable to use 
the iron filings column as a deaerator, for the reason previously noted. 
The method followed, which consisted in deoxygenating the water 
initially with sodium sulphite and then absorbing the excess of sulphite 
with chlorine, gave very good results after a few trial runs. From a 
series of 11 experiments, all made at temperatures around 20° C., the 
results given in Table VIII were obtained. In this case two check 
measurements were made at a flow velocity of 6 ft. per min. and three 
each at velocities around 9 and 25 ft. per minute, respectively, the 
results of these tests being given both separately and as averages in 
the table. As the entire series of experiments was made with a water 
depth of 12 in. in the channel, the comparative results obtained were 
little influenced by differences either in temperature or in depth. 

The results of this series of tests in the larger channel and of the 
previous series in the smaller channel, have been compared graphically 
in Figure 5, in which the respective observed rates of reaeration, in 
gm. per sq. in. of water surface per day, have been plotted against 
corresponding velocities of flow, in ft. per minute. For velocities up 
to 25 ft. per min. the two plots are very nearly coincident with each 
other, indicating that within the lower velocity ranges the observed 
rates of reaeration were practically the same in the two channels, 
despite the greater depths of flow in the larger channel (7.e. about three 
times greater than in the smaller channel). For velocities above 25 ft. 
per min. the two plots diverge sharply, with the sharp upward trend of 
the plot based on the smaller channel results. This divergence appears 
to have been due mainly to the fact that in the smaller channel the 
propeller was less submerged and at higher speeds caused a noticeably 
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Taste VIII.—Results of Eleven Reaeration Measurements in Large Recirculation Channel, Using 
Tap Water Pre-deaerated by Sodium Sulphite 


























l 
Velocity | To 
Ft./Min. | Temp. ko (Gms./sq.m./day) 
| nh OF (Per hour) 
Obs’d | Mean | Obs’d | Mean 
6.0* | 21 0294 4.4 | 
6.0* | 6.0 21 0257 3.9 4.2 
9.3" 23 0578 8.4 
9.3* | 23 0589 8.5 
9.4* 9.3 26 0535 | 7.4 8.1 
| 
18. | 26 147 | 20.0 
24.0* 20.1 176 | 26.8 
24.0* 19.5 .200 | 30.8 
25.5* | 24.5 20.5 170 | 25.8 27.8 
34. | 20. 263 | 403 
| | | 
47. | 25. .390 | 54.0 








* Check runs. 


greater degree of surface agitation, with correspondingly greater in- 
crease in the surface of water exposed to reaeration. In the larger 
channel, with the propeller well submerged (in this case it was adjust- 
able vertically to three different positions), the surface agitation and 
surface area were not so greatly affected by higher propeller speeds; 
hence the rate of reaeration increased much more nearly in proportion 
to the velocity of flow. 


y 


© Smo// Frecirewlation Chonne/ 


+ Lorge recirculation Channe/ 






Initial Pate of DO 


° 5 10 1S 20 25 jo IS 40 gs 
Velocity of Flow: Ft per Minute 


Fie. 5.—Comparative plots of data in Tables VII and VIII. 


Measurements With Sodium Sulphite Solutions ——From the earlier 
papers of Miyamoto and his co-workers * it appeared that the rate of 


* Loc. cit. 
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absorption of atmospheric oxygen by solutions of sodium sulphite 
should be little affected by variations in the concentration of sulphite 
over a limited observational range, though these observers noted that 
the rate became diminished in very weak solutions and also in very 
strong solutions. For the first series of experiments, which were 
carried out in the small recirculation channel, it was decided to use 
solutions ranging in concentration from 200 to 600 p.p.m., which was 
decidedly weaker than the solutions utilized by Miyamoto. For the 
second series, made in the larger channel, the sulphite concentration 
was increased to an average ranging from 800 to 1200 p.p.m., in order 
to ascertain what, if any, effect an increase of this degree would have 
on the observed rates of oxygen absorption at various depths, tem- 
peratures and velocities of flow, in comparison with those observed 
under comparable conditions with pre-deaerated water and with lower 
concentrations of sulphite. 

The method of procedure followed in each experiment was prac- 
tically the same in both channels. After filling the channel with tap 
water to the pre-determined depth and adjusting it to the desired tem- 
perature (by adding hot water if necessary), a solution containing the 
required amount of sodium sulphite was added to the channel contents, 
after setting the propeller-agitator in rapid motion to expedite mixing. 
As soon as mixing was complete, the speed of the propeller was ad- 
justed to that which would give the desired velocity of flow for the 
experiment and the first observation was then made of the temperature 
and sulphite content of the solution. These observations were re- 
peated at intervals of 15 or 30 minutes throughout the period of the 
experiment, which varied from about 4 to 8 hours, according to the 
velocity of flow and consequent rate of oxygen absorption. 

The method followed in measuring the oxygen absorption rate was 
as follows: At each pre-determined interval a 50 ¢.c. sample of the 
sulphite solution was collected from the channel at mid-depth with a 
volumetric pipette and placed in an Erlenmeyer flask, to which had 
been previously added a measured amount of N/40 iodine solution, 
acidified with 3 N hydrochloric acid, and always in excess of that re- 
quired to neutralize the sulphite solution. After mixing the sulphite 
and acidified iodine solutions in the flask, the excess of iodine was 
titrated with N/40 sodium thiosulphate. The amount of sulphite pres- 
ent in the solution was then figured in terms of the equivalent amount 
of standard iodine absorbed by it, the reaction being: 


Na.SO, + I, + H.O > Na.SO, + 2HI. 


The decrease in sulphite concentration observed during a given in- 
terval between samplings was then calculated into terms of the oxygen 
required to convert the sulphite to sulphate, and this latter figure was 
then carried over to terms of total grams of oxygen absorbed by the 
total volume of solution in the channel. In the larger channel, the 
volume relationships were such that 1 ¢.c. of N/40 iodine absorbed by 
50 c.c. of the sulphite solution was equivalent to 3.36 gm. of oxygen 
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absorbed by the total volume of solution in the channel at a depth of 
12 inches. A rate of oxygen absorption equivalent to 1 ¢.c. of N/40 
iodine per hr. would thus represent 3.36 gm. of oxygen per hr. absorbed 
by the entire channel contents. As the surface area of the channel was 
; 3.36 x 24 
2.72 sq. m., this rate would be equivalent to ————— = 29.6 gm. of 
2.72 
oxygen per sq. m. per day. By measuring the rate of decrease per 
hour in the number of ¢.c.’s of N/40 iodine solution absorbed by 50 e.ce. 
of the sulphite solution in the channel, this figure was then readily 
converted to terms of oxygen absorbed, in gm. per sq. m. of surface 
per day, by applying the multiplying factor 29.6. With solution depths 
other than 12 in., this factor would vary in direct proportion to the 
actual depth, as the sides of the channel were vertical and the hori- 
zontal cross-section uniform for all depths with the propeller com- 
pletely submerged. 

Only two corrections were necessary in making these calculations. 
One was for any observed change in the concentration of the standard 
iodine solution during the period of a test, this being checked three 
times during each run. The other was for any corresponding change 
in the concentration of the standard thiosulphate solution, which was 
checked frequently against a standard solution of sodium biniodate, 
this latter solution being very stable and remaining constant in strength 
for long periods of time. Although each channel was calibrated ini- 
tially for the relationship between propeller speed and velocity of flow, 
the latter was checked frequently during each test by float measure- 
ments, using a stop-watech. The temperature of the sulphite solution 
also was observed at each sampling time. 


TasLeE IX.—Results of Typical Measurement of Absorption of Atmospheric Oxygen by Sodium 
Sulphite Solution in Large Recirculation Channel. Depth = 12 Inches. Velocity = 25.5 
Ft./Minute 


























ais ~~ Equivalent Sulphite Cone’n 
I ime from Tes Propeller Ce. N/40 (c.c. N/40 I) 
Start oC Speed uxcess | 
(Hours) ; R.p.m. Iodine | ; 
| Obs’d Corr’d 
0.0 20. 330 0.71 40.37 40.37 
5 20. 330 1.37 39.71 39.70 
1.0 19.8 1.85 39.23 39.21 
1.5 19.8 329 2.43 38.65 38.62 
2.0 19.8 3.02 38.06 38.02 
2:5 20. 3.51 37.57 37.52 
3.0 20. 330 4.12 36.96 36.90 
3.5 20. 4.79 36.29 36.22 
4.0 20. 5.40 35.68 35.60 
4.5 20. 330 5.98 35.10 35.01 
5.0 20. 6.50 34.58 34.48 
5.5 20.2 7 ely 33.91 33.80 
6.0 20.2 328 7.78 33.30 33.18 
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In Table IX are given the results of a typical measurement by this 
method in the large recirculation channel. In Column 4 are shown the 
amounts of excess iodine and in Columns 5 and 6 the corresponding 
concentrations of sulphite, observed and corrected, all being expressed 
in terms of 1/40 normality. In Figure 6 is shown a plot of the cor- 
rected figures, with times from the start as abscissae. The trend of 
the plot follows very closely a straight line, the slope indicating the 
rate of oxidation of the sulphite solution. From this slope, as deter- 
mined by a least-squares fitting of the line, the rate of decrease in the 
strength of sulphite solution was given as 1.193 ¢.c. per hr. (of N/40 
solution) and the corresponding surface rate of oxygen absorption, 
1.193 « 29.6 = 35.3 gm./sq. m./day. 
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Fic. 6.—Plot of corrected data in Table IX. 
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Following the sulphite method above described, 17 measurements 
were made in the smaller recirculation channel, with average solution 
temperatures ranging from 14° to 23° C. and the velocity of flow from 
2.6 to 40 ft. per min., six separate velocities being used within this 
range. In Table X are shown the results of these measurements, the 
observed rates of reaeration being given both individually and as aver- 
ages for each different velocity. For comparison with these average 
rates, the ‘‘initial’’ rates (r,) observed at corresponding velocities of 
flow in a previous series (Table VII) made with pre-deaerated water 
are tabulated in the last column of the table. 

In Table X and Figure 7, in which comparative plots of the data 
given in Columns 5 and 6 of the table are given, the rates of oxygen 
absorption observed in the sulphite solution are shown to have been 
consistently higher than the corresponding initial rates in pre-deaerated 
water, though the deviation was relatively small except at velocities 
less than 10 ft. per minute. 
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TisptE X.—Comparative Results of Experiments in Small Recirculation Channel Using Sodium 
Sulphite Solution, and Corresponding Results in Same Channel Using Pre-deaerated Water 
(Table VIT) 


Veloci 
Ft./M 


40. 
40. 
40. 


ty ae Na.SO; | < 
in. : from 
| P.p.m. Obs’ | Mear ro 
| | | oe “an |Table VII 
|} 155 | 37 | | | 
} 175 =| 487) 5B | 55° 3.0 
| | 
} 140 | 340 6.7 | | 
| 15.3 | 344 7.2 6.9 3.5 
| 
| 15.2 | 320 6.3 | 
16.0 | 356 | 7.0 | | 
; 19.1 | 524 8.9 7.4 | 5.3 
| | 
| 20.0 198 12.4 | 
| 20.0 | 392 14.4 | 
} 208 | 406 14.8 
| 216 | 329 13.2 
| 23.1 | 298 13.6 13.7 | 12.2 
| 
| 4170 | ~~ 301 29.8 | 
| 222 | 380 32.2 31.0 27.6 
] 
| 18.2 356 107. | 
20.2 238 85.9 | 
22.0 677 78.3 90.4 | 90.0 
70 
/ 
.. / 
S © Deaerated Woter Fresu/ts Y 
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Ss + Sulphite Solution Fresults / 
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Fic. 7.—Comparative plot of data in Table X. 
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In Figure 8 is a re-plot of the same data, using logarithmic instead 
of linear scales. In this chart the plotted points are shown to follow 
two distinct straight-line trends, the slope breaking sharply upward at 
a velocity of flow approximating 10 ft. per minute. If the slope of each 
line based on the deaerated water tests be designated by () in the 
function (V"), where (V’) is the velocity of the flow, the numerical value 
of (nr) for the steeper line approximates 1.75 and for the flatter line, 


0.50. 
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Fic. 8.—Re-plot of data in Table X, with logarithmic seales. 


An interesting and possibly significant hydraulic analogy to the 
trend of the plots in Figure 8 has been afforded by some very recent 
observations by Rouse * on the mechanics of fluid turbulence in pipes. 
For conditions of laminar as distinguished from turbulent flow, he 
found that the intensity of fluid shear at the pipe wall was directly 
proportional to the velocity of flow, but that above a certain critical 
velocity at which conditions of turbulent flow become established, the 
shear increased with the 1.75 to 2.00 power of the velocity according to 
the roughness of the pipe surface. Except for the slope of the line 
below this critical velocity, which is steeper than in Figure 8, his plot 


* Rouse, Hunter. ‘‘ Modern Conceptions of the Mechanics of Fluid Turbulence.’’ Proc. 
Amer. Soc. C. E., 62, 1, 21-63 (January, 1936). 
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of these two functions on logarithmic scales (his Fig. 3) was practically 
identical with that of Figure 8. 

This hydraulic analogy suggests that in the experiments pictured 
in Figure 8, the rate of reaeration was not definitely affected by turbu- 
lent conditions of flow until the velocity exceeded about 10 ft. per min. 
and that below this velocity the rate was governed more largely by 
diffusion, such as would prevail in semiquiescent bodies of water under 
conditions of stream-line or laminar flow. So far as reaeration is 
concerned, this critical velocity probably would vary, however, for 
different stream channels and particularly for those in which the de- 
erees of roughness were diverse. 

In view of the indefinite character of hydraulic ‘‘turbulence’’ and 
of the difficulties involved in its direct measurement, it might be sug- 
gested from the above considerations that a fairly accurate means of 
evaluating turbulence may be found, in so far as open channels are 
concerned, in utilizing observations of rates of reaeration under vary- 
ing flow and channel conditions. With proper correction for differences 
in stream temperature and depth, these measured rates, when observed 
at velocities of flow above a certain critical minimum, should afford a 
fairly sensitive index of turbulence of flow. 

A second series of measurements with sulphite solutions was car- 
ried out in the large recireulation channel. As this channel was con- 
structed wholly of copper, it was expected that this metal would not 
be readily oxidizable with ordinary tap water, after a coating of copper 
oxide and carbonate had formed on the contact surfae¢e. With sulphite 
solutions, however, it soon became apparent that the copper was being 
attacked and was passing into solution, where it exerted a marked cata- 
lytic effect on the oxidation of the sulphate by oxygen absorbed from 
the atmosphere. For this reason it was necessary to line the channel 
with a coating of paraffin, in order to insulate the copper from such 
corrosive action. This lining was very effective in preventing any 
further solution of the copper and the results obtained thenceforth 
were satisfactory. 

In this series of experiments, the concentration of sulphite was 
higher than in the preceding series, ranging from about 800 to 1200 
p.p.m., and averaging about 1000 p.p.m. This concentration, though 
high as compared with that used in the smaller channel series, repre- 
sented a relatively weak solution, averaging only 0.1 per cent of sodium 
sulphite. Sixty individual ‘‘runs’’ were made in the series, of which 
15 were for the purpose of checking previous runs. The results of 
these check tests were averaged, so that 45 results altogether were 


obtained for the series, with varying temperatures, depths and veloci- , 


ties of flow. 

The measurements were made with stream depths of 9, 12 and 15 
inches, respectively, and at each depth with velocities of flow ranging 
up to 73 ft. per min. and at temperatures ranging below and above 15° 
C. The propeller being adjustable to three different levels in the chan- 
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nel, it was set for each experiment at approximately mid-depth, except- 
ing in one series of tests at 9 in. depth, when through an oversight 


it was placed in the next position above mid-depth. The result in this 
single instance was that the observed rates of reaeration were unduly 
affected by surface agitation from the propeller and were decidedly 
out of line with the other results. 

In Table XI these results have been separated primarily according 
to temperatures below and above 15° C., and secondarily according to 
depths of flow. For each temperature range and depth, the results 
have been tabulated in ascending order of magnitude of velocities of 
flow. 


TaB_LeE XI.—Results of Experiments in Large Recirculation Channel, Using Sodium Sulphite Solu- 
tions (Tabulated According to Temperatures, Depths and Flow Velocities) 








Depth = 9 inches Depth = 15 inches 


| Depth = 12 inches | 





[D.O. Abs’d| D.O. Abs’d 


| | Temp. | Velocity | 
| 





| D.O. Abs’d 
































Temp. | Velocity | Gms. Gms./ | Temp. | Velocity | Gms. 
2 OF Ft./Min.| sq.m./ | °C. |Ft./Min. sq.m./ | °C. Ft./Min.| sq.m./ 
day | | day | day 
| | 
A. Temperatures Less than 15° C. 
13.5 | 3.3 134 | 145 | 30 | 9.3 | 13.0 5.5 | 9.1 
12.9 7.0 20.2 11.3 120 | 3 ie Me | a3, 36833 
10.9 11.2 14.4 9.3 170 | 190 | 8&8 14.2 | 22.2 
9.8 14.4 16.6 9.5 25 i S27 | Ss 222 | 326 
10.0 18.2 218 |° 9.7 | 37.2 51.7 | 8.6 28.7 | 40.0 
8.8 29.1 34.1 7.5 63.7 170. 9.1 34.0 42.8 
8.4 39.0 44.4 | | wa 51.0 | 128. 
7.0 72.6 308. | | 
B. Temperatures Greater than 15° C. 
) 
22.0 33 | 172 17.4 50 | 144 | 19. | 2.4 11.2 
20.3 7.0 25.6 19.0 is | 64 | 1 | 62 17.0 
20.5 10.1 27.7 20.2 15.4 20.4 | 19.6 | 10.6 21.6 
20.2 12.6 30.4 20.0 25.5 35.3 19.8 | 222 37.6 
19.5 14.4 32.4 19.7 34.0 45.7 | 20.2 | 28.2 41.8 
19.5 18.0 34.2 20.3 39.2 52.0 | 20.6 | 34.0 49.7 
20.7 26.8 | 404 19.9 63.7 206. | 188 | 40.9 77.7 
20.0 36.4 | 438 | 20.7 | 46.5 92. 
20.0 73. | 337. | | 








In Figure 9 are shown plots of the data given in Table XI, for each 
depth of flow, allowing a comparison of the trend of rates observed at 
the higher and lower temperatures. 
resulting from the high position of the propeller in the 9 in. depth 
series at the higher temperature is clearly reflected by the wide devia- 


tion of plot (a) from its low temperature counterpart. 


The effect of surface agitation 





In Figure 10 
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the same plots, omitting (a) in Figure 9, have been re-drawn for veloci- 
ties up to 40 ft., so as to show the relation between the depths of flow i 


and the observed rates of reaeration within this range. 


From a study of these charts, it appears that the surface rate of 
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absorption of atmospheric oxygen by the sulphite solutions was in- 
creased at higher temperatures and slightly at greater depths, but was 
most influenced by increases in turbulence resulting from higher veloci- 
ties of flow. With velocities ranging between 10 and 40 ft. per min., 
the increase in absorption rate was very nearly in direct proportion 
to the increase in velocity as indicated by the straight-line trend of the 
plots in this range. With velocities higher than 40 ft. per min., the 
effect of increased surface area resulting from high propeller speeds 
is shown by the sharp upturn in the observed rates of absorption at 
these higher velocities. With velocities below 10 ft. per min., the ab- 
sorption rate was apparently less affected by changes in velocity of 
flow, though this difference was only very slightly perceptible at the 
15 in. depth. 

When the data in Table XI were averaged for the range of flow 
velocities over which the observed rate of reaeration was very nearly 
proportional to the velocity (7.e. from 10 to 40 ft. per min.) an index 
was obtained of the average effects of temperature and depth of flow 
on the rate of reaeration. The results obtained from this averaging 
process were as in Table XII below. 


TABLE XII 








Depth Temp. Velocity | D.O. Absorbed 





In. ey, (Ft./min.) | (Gm./sq.m./day) 
9 | 9.6 22.4 | 26.3 
20.1 19.9 33.6* 
| 
12 10.0 22.9 29.0 
19.8 20:2 34.0 
15 8.6 22.3 | 31.2 
20.0 23.8 37.4 








* Influenced by high position of propeller. 


Effect of Temperature—tThe effect of temperature variations on 
the measured rate of reaeration may be gauged best by comparing the 
average rates observed at the higher and lower temperatures for depths 
of 12 and 15 inches. Such a comparison at the 9 in. depth would be 
inconclusive from this standpoint because of the disproportionately 
high rate of oxygen absorption (33.6 gm./sq.m./day) at the higher tem- 
peratures resulting from the unduly elevated position of the propeller. 
When values of the thermal coefficient (9) were caleulated at these two 
depths by the same formula as previously applied to the results obtained 
in the continuous-flow channel, the results were as follows: 





34.0 

12 in. Depth: 6°°***® ———_— 1.172; 6=1.172'** — 1.0163 
29.0 
37.7 = 

15 in Depth: 6°°°*® ———= 1.208; 6=—1.208"* = 1.0167 
31.2 


Mean = 1.0165 
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1 The close agreement between these two values and that obtained 
ag previously from the observations made on deaerated water in the con- i 
ci- tinuous-flow channel suggests that a rounded value of (9) approxi- | 
n., mating 1.016 fairly represents in a single figure the effect of tempera- 
on ture variations on the rate of stream-flow reaeration, when expressed 
he in terms of the amount of oxygen absorbed per unit of surface area or ) 
he volume at a given constant degree of oxygen saturation. 
ds Effect of Depth of Flow.—Aside from the observations made in the 

at continuous-flow channel, the only experiments yielding any data bear- 
b- ing on the effect of variations in the depth of flow on rates of reaera- 4 
of tion were those carried out with sulphite solutions in the large recireu- 
he i lation channel. From the previous tests in the continuous-flow channel, f 


it was noted (Table ITI) that when the effect of flow velocity was elimi- 
nated, a tendency was shown toward a slight increase in the surface 
ly rate of reaeration with increasing water depth, though this tendency 
was not consistently displayed and the range of depths over which it 
was observable was extremely limited. 
» On referring to Figure 10, a similar tendency is noted except in 
the trend of reaeration rates observed at 12 in. depth and at the lower 
temperatures. In this case no comparison was practicable with 9 in. 
depth in the higher temperature range, as the results of this series 
were unduly influenced by the high position of the propeller. By sub- 
stituting for the average rate observed in this series (7.e. 33.6 gm./ 
sq.m./day) a figure based on the corresponding low temperature rate 
and corrected from a mean temperature of 9.6° C. to one of 20.1° C., 
it has been possible to make a fair comparison of the average rates 
observed with depths of 9, 12 and 15 inches, both in the high and in the 
low temperature series. 

From these average data, as computed from Table XI, and tabulated 
in the immediately foregoing text, a logarithmic plot has been made, 
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Fic. 11.—Plot of data in Table XII, showing relations observed between depths of flow and 
surface rates of reaeration (Logarithmic scales). 


in Figure 11, of the relationship shown between the observed average } 
‘ates of reaeration and the three different depths, 9, 12 and 15 inches, 
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at which these rates were observed. In this plot the corrected rate at 
9 in. depth (31. gm./sq.m./day) has been substituted for the excessive 
observed rate. With this exception, the rates plotted are those given 
in Table XII. 

In Figure 11, an orderly increase in the observed mean rate of 
reaeration is shown with increasing depths of flow, though the extent 
of increase was not large, being roughly in proportion to the eube-root 
of the depth. According to this relationship, an eight-fold increase in 
the depth of flow would be required in order to produce a two-fold 
increase in the surface rate of reaeration. 

Although this observation was at variance with the consistency 
shown between the rates of reaeration measured in the larger and 
smaller recirculation channels, with depths of flow three times greater 
in the larger than in the smaller channel, its possible significance cannot 
be discounted in view of its substantial agreement with the results of 
the extensive series of experiments made in the continuous-flow channel. 
As these two concordant series of results were obtained, however, in 
smooth channels of rectangular cross-section, with a water surface area 
remaining constant with various depths of flow, they probably would 
not be strictly applicable to natural streams, in which, owing to their 
sloping banks, the water surface area usually increases to some extent 
with the depth and volume of flow. In such cases, the surface rate of 
reaeration might tend to remain more nearly constant, or even to 
diminish slightly with increased depths, as may be inferred from 
Streeter and Phelps’ observation * that in the Ohio River the rate of 
reaeration per unit of volume varied inversely with the volume of flow. 

Effect of Sulphite Concentration on Observed Rates of Reaeration.— 
In the experiments made with sulphite solution in the larger recircula- 
tion channel, the concentration of sulphite was increased over that 
which was used in the corresponding series made in the smaller channel, 
the average concentration in the smaller channel being about 370 p.p.m. 
and in the larger channel 1000 p.p.m. As previously noted, this change 
in sulphite concentration was made in order to ascertain, from a fairly 
long series of measurements, whether a difference of this magnitude in 
the mean sulphite concentration would affect to any considerable ex- 
tent, the comparative observed rate of reaeration when referred to the 
corresponding rate in pre-deaerated water under parallel conditions of 
flow and exposure to the atmosphere. 

This comparative effect has been shown for the experiments made 
in the smaller channel by the results given in Table X and illustrated 
in Figures 7 and 8. In Figure 12 a similar comparative plot is shown 
of the results obtained in the larger channel experiments under identi- 
cal conditions of temperature and stream depth (i.e. 20° C. and 12 in. 
depth). In this chart a consistently wider divergence between the two 
measured rates is revealed, as is apparently from the greater spread 
between the two plots. 

In order to amplify this comparison, five experiments were carried 
* Public Health Bulletin No. 146, U. 8. Public Health Service, 1925. 
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at out under identical flow and temperature conditions with average 
ive sulphite concentrations ranging from 220 to 1600 p.p.m. Hach one of 
ren these measurements was made in the smaller channel with a water tem- 
of va 
ont > 
t Ae) 
4 R © Pre-deaerated Water- 12" Depth 20°C 
in 6 
‘ld Ag + Sulphite Solution -12" Depth-20°C - ns 
2 50 
x” Pa i 
> | A 
ey ~ | a 
: 8 40 + loa ‘ 
nd N | | 7 a 
we x | | , 
“ ip ST“ 
ot S | Ae 
el, ‘a—— 4] 
in N eS ail 
oa & ed 
/0 
ld 8 | : 
; +S 
ir & | : 
nt °5 5 76 15 20 25 30 oF 40 45 50 
yf Velocity of Flow: Feet per Minute 
LO Fic. 12.—Comparative initial surface rates of reaeration observed in pre-deaerated water and 
mM in sulphite solution, from experiments in large recirculation channel. 
yf : : : : . 
erature of about 20° C. and a velocity of flow of 10 ft. per min., this 
] A ) 


ve ° . ° ° 
low velocity being selected because it appeared to give the more severe 
test conditions for such an experiment. 


; The results of this comparison are given in Table XIII, and illus- 

a . " , S ‘ 

trated graphically in Figure 13, which is a plot of the same data. 

L. TaBLE XIII.—Comparative Rates of Reaeration Observed in Sulphite Solutions of Varying 

e Average Concentration, with Temperature 20° C. and Velocity of Flow 10 Ft. per Minute , 

y Average Na,SO, D.O. Absorbed 

n Concentration (P.p.m.) (Gm./sq.m./day) 

‘ Os soli Snes. hacen arin ki iaca waar beiaeee 9.0 

p RIS ERE eee: Pelee ene er ronen 12.1 

; OM itt ha tan tel ved ee asker eawals cused 14.9 
| TEER eo 1 Pe eee ee 15.1 
I eg nage omen ant sivas ota ea eis 25.1 

From these results it is noted that the rate of reaeration increased 

gradually with sulphite concentration up to a nearly constant level be- 


tween concentrations of 740 and 1200 p.p.m. and upturned sharply from 
1200 to 1600 p.p.m., indicating that the most favorable zone for observ- 
) ing constant rates was between 740 and 1200 p.p.m. In Figure 13, it is 
| shown that the average concentration at. which these measurements 
were made in the larger channel was near the mid-point of this favor- 
able zone, whereas the lower concentration used in the smaller channel ‘ 
tests was in a zone of some degree of variability. The actual rates ob- 
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served with sulphite solution in the larger channel averaged, however, 
about 4.7 gm./sq.m./day higher than the corresponding initial rates ob- 
served in the same channel with pre-deaerated water, whereas those 
observed in the smaller channel tests were only 2.1 gm./sq.m./day 
higher, thus indicating that the lower concentrations of sulphite gave 
measured rates agreeing more closely with those observed in pre- 
deaerated water. 
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Fig. 13.—Plot of data in Table XIII. 

If the plot shown in Figure 13 were taken as a basis of estimating 
the optimum concentration of sulphite for obtaining measured rates of 
reaeration consistent with those observed in pre-deaerated water, this 
concentration would be indicated approximately by the abscissa corre- 
sponding to a rate 2.1 gm.,/sq.m./day less than the rate observed at a 
concentration of 370 p.p.m., the average for the sulphite tests made in 
the smaller channel series (Table X). From the plot given in Figure 
13, this concentration would be about 280 p.p.m., which represents prob- 
ably the closest approximation that can be made from these data as to 
the optimum sulphite concentration for measuring rates of reaeration 
comparable to those observed in pre-deaerated water. 


CoNnCLUSIONS 


From the results of the experiments herein described the following 
main conclusions appear to be justified concerning the atmospheric re- 
aeration of relatively shallow flowing streams of water, such as have 
been dealt with in these experiments. 

1. The rate of reaeration of the underlying body of water is gov- 
erned primarily by the rate of absorption of atmospheric oxygen at the 
water surface and secondarily by the volume of water and its tempera- 
ture, depth and relative degree of agitation. 

2. The rate of reaeration at the water surface appears to be practi- 
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cally independent of the volume of water underlying the surface, but 
is influenced by the temperature, oxygen saturation deficiency, and the 
degree of surface agitation of this underlying water. The latter is in- 
fluenced, in turn, by the velocity of flow and, apparently to a slight ex- 
tent, by the stream depth. 

3. The existence of a direct proportionality between the surface 
rate of reaeration and the degree of oxygen saturation deficiency in the 
underlying stream has been closely confirmed by the results of the ex- 
periments. For all practical purposes, the effective oxygen saturation 
deficiency of a relatively shallow flowing stream may be measured with 
a fair degree of accuracy at a point below the surface or even at mid- 
depth, owing to the rapid and continuous vertical circulation of surzace 
and sub-surface water which appears to prevail in such a stream, even 
when flowing in a smooth channel. 

4, The effect of variations in the stream water temperature on the 
rate of reaeration has been shown and a basic numerical temperature 
coefficient has been derived agreeing very closely with one previously 
obtained from the results of independent measurements by Haslam, 
Ilersey and Keen. 

5. The mean velocity of flow of the underlying stream has been 
shown to exert a powerful influence on the surface rate of reaeration, 
this influence being much less, however, below a critical velocity ap- 
proximating 10 feet per minute, which appears to mark the point of 
transition from laminar to turbulent flow in the channels used for the 
experiments. 

6. Variations in the depth of flow have appeared to exert a slight 
influence on the surface rate of reacration, possibly through their effect 
on the degree of surface agitation produced by a given mean velocity 
of flow. 

7. The possibility of using weak solutions of sodium sulphite as a 
means of measuring directly the ‘‘initial’’ rate of reaeration at zero 
oxygen saturation has been investigated. The results have indicated 
both the feasibility and limitations of this method, which appears to be 
adapted to studying the comparative initial rates of oxygen absorption 
obtainable with different aeration systems and with the same system 
under varying physical conditions. The optimum concentration of 
sodium sulphite at which initial rates of reaeration closely approximat- 
ing those obtainable in pre-deaerated water appears to lie between 250 
and 300 milligrams per liter. The range of concentration within which 
the measured rate of oxygen absorption remained most nearly constant 
was from about 750 to 1200 mg. per liter. The rates observed in this 
latter range were, however, consistently higher than the corresponding 
rates observed in pre-deaerated water. 

As all of the observations recorded in this paper were made in 
relatively smooth channels of rectangular cross-section, the results ob- 
tained from them might require some degree of modification if applied 
to conditions of flow such as might be found in rougher channels with 
cross-sections approaching more closely those of natural streams. 
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Further experiments in channels of this more natural type would, 
therefore, be desirable; likewise a more systematic and thorough study 
of the effect of depth variations on surface rates of reaeration than has 
been practicable in connection with the present experiments. Aside 
from these more obvious deficiencies, the results of this study have 
afforded a very satisfactory confirmation of some principles underlying 
stream reaeration, the validity of which heretofore has been very 
largely assumed. They also have yielded some additional facts which 
the authors believe to be of fundamental significance. Among these 
may be mentioned: (a) the derivation of a basic temperature constant 
governing rates of reaeration; (b) the indication of a definite critical 
velocity of flow at which the effect of turbulence becomes manifest, and 
(c) the further indication that under conditions of laminar flow, at 
velocities below this critical minimum, atmospheric reaeration tends to 
be governed very largely by the laws of hydro-diffusion, as formulated 
originally for this case by Black and Phelps. It also has been sug- 
gested from the data of the study that a possible direct measure of 
turbulence in flowing bodies of water exposed to the atmosphere may 
be found in their measured rates of atmospheric reaeration. 
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Editorial 


THE INDUSTRIAL WASTE PROBLEM 


The magnitude of the industrial waste problem has not been emphasized 
sufficiently to show its relation to the treatment of sewage and the prevention 
of stream pollution. More attention should be directed toward the lagging 
problem of the treatment of industrial wastes. While progress in sewage treat- 
ment has been rapid in recent years, only a few examples come to mind of the 
successful abatement of industrial waste pollution. 

Mr. J. K. Hoskins, of the U. S. Public Health Service has drawn attention 
to this problem by some astonishing statistics (THis JourNAL, May, 1935, page 
555) : 

‘Considering organic pollution only, on the Ohio River watershed, « uw survey 
showed that the industrial wastes were equivalent to 124 per cent of that con- 
tributed by domestic sewage. On the Illinois River the popuiation equivalent 
of industrial wastes was 85 per cent and on the upper Mississippi River 92 per 
cent. It would probably be fair to say that, generally, the organic pollution 
contributed by industry is about equal to that contributed by population.’’ 
(The italics are ours.—Editor. ) 

This estimate will undoubtedly surprise many laymen but not those engineers 
and chemists who have had experience in the measurement and evaluation of 
industrial waste pollution. A few outstanding examples might be mentioned, 
where the effect of industrial wastes equals or greatly exceeds the effect of all 
the sewage of the city in which the industry is located. At Peoria, until re- 
cently, wastes from distilleries, yeast and fermentation industries had a popula- 
tion equivalent of more than two million, compared with a human population 
of 100,000 ; at the Chicago Southwest Side Plant, the organic content of packing- 
house wastes will equal or exceed the sewage from a human population of more 
than one million; in the paper-mill districts of Wisconsin, the influence of sul- 
phite wastes on streams may exceed that of the sewage of smailer communities 
by ten-fold; Mr. C. K. Calvert (THis JourNAaL, November, 1934, page 1164) 
estimated the industrial wastes of Indianapolis to have a population equivalent 
of 268,000 as compared with a human population of 330,000. He made the fol- 
lowing significant observation : 

‘‘Applying the tax rate necessary to realize the actual 1933 sewage plant 
operation cost to the assessed valuation of the connected industries tabulated, 
shows that they paid a total of $878 for the disposal of their wastes for the year. 
On the basis of relative population equivalent, as determined from the B. O. D. 
results and volumes of flow, the treatment of the wastes from these industries 
cost $51,109. The large discrepancy in the two sums suggests that, in fairness 
to individual taxpayers, some middle course, at least, should be followed.’’ 

This statement indicates the inadequacy and absurdity of applying the as- 
sessed tax valuation as a measure of the cost of treating industrial waste in 
sewage treatment works. 

The ‘‘middle course’’ referred to by Mr. Calvert may be taken to mean that 
other yardsticks, in addition to B. 0. D., might be considered in the adjustment 
of rates for treatment. These additional or modifying factors include volume 
of flow, weight of suspended solids, proportion of organic matter in such solids, 
and scum-forming or toxie properties. Some sewer-rental ordinances take ac- 
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count of the volume of industrial wastes, but the strength is rarely if ever 
evaluated. 

The rational method of appraisal should take account of all characteristics 
of the wastes, as reflected in the cost of handling, whether measured by volume, 
B. O. D., solids or toxic properties. In most cases it is possible to measure and 
determine accurately the volume, B. O. D., solids, and amenability to treatment. 
Corn products, packinghouse, tannery, food products and similar wastes can 
usually be handled by biological processes of treatment, although other wastes, 
such as ammonia-still wastes from coke plants, paint, chemical and metal-working 
wastes (copper) may be toxic and fatal to biological treatment. In one case, 
that of ammonia-still wastes, which contain from 1,000 to 3,000 parts per mil- 
lion of phenol, in high dilution the waste may be treated, although it has a high 
B. O. D., while in lower dilution the phenol may be bactericidal and interfere 
seriously with biological treatment. Dairy wastes, concentrated, may become 
so acid as to interfere with treatment, but when diluted and treated aerobically, 
the organic content may be oxidized at high rates. 

When industrial wastes can be treated with city sewage, it is generally true 
that such methods result in lower cost than if the wastes are treated separately 
to an equal degree. Where isolated plants must treat their wastes, the problem 
may be more difficult but usually not so difficult as the manufacturer would 
have us believe. In such situations the difficulty has frequently led to intensive 
study of methods of re-use, re-circulation and recovery of solids within the plant. 
A few references to outstanding achievements in this respect are: the ‘‘bottling- 
up’’ of corn products wastes at Argo, Pekin, Cedar Rapids and Decatur; the 
recent installation of filters and evaporators at the Hiram Walker distillery 
in Peoria; the recovery of ‘‘white-water’’ solids in paper mills; the Howard 
process for recovery of sulphite and combustible solids from sulphite liquor; 
the extraction process for recovery of phenol from by-products coke plant wastes ; 
the recovery of acid sludge in oil refineries; and the recovery of acid and iron 
from pickling liquors. 

In other cases industrial wastes have been treated by sewage-treatment proc- 
esses in plants built by the industries, such as: the Winslow Brothers tannery 
waste plant and the Bird and Company textile waste plant in Massachusetts ; 
the various cannery waste plants in Wisconsin; the Hormel packinghouse waste 
plant in Austin, Minn.; the Decker packinghouse waste plant in Mason City, 
Iowa; and the plant for treatment of mixed dairy and laboratory wastes at Belts- 
ville Center, Maryland. 

Packinghouse wastes at Cedar Rapids and Oklahoma City are treated in 
the city sewage disposal plants, and an annual fee is paid by the industries to 
the city for the service. 

Although these references indicate progress toward alleviation of the indus- 
trial waste problem, much still remains to be done. Industries are loath to 
spend money on treatment of their wastes, and in some eases delay has led to 
improved and more economical procedures. However, the time for action can- 
not be deferred indefinitely and with the attention of the state authorities, the 
[Izaak Walton League, the National Resources Board and the Lonergan bill di- 
rected toward the industrial waste problem, it behooves industry to make provi- 
sion for recovery or treatment of stream-polluting wastes by the best available 


process. 
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Proceedings of Local Associations 


NEW YORK STATE SEWAGE WORKS ASSOCIATION 
Eighth Annual Meeting 


New York City, January 14 to 17, 1936 


The Highth Annual Meeting of the New York State Sewage Works 
Association was held in New York City, January 14 to 17, 1936, with 
headquarters at the Hotel Astor. Over 200 members and guests were 
registered. 

Messrs. Fred J. Biele (Huntington), Harry Eustance (Ithaca) and 
Thomas J. Smith (Newark, N. Y.) were elected to the Executive Com- 
mittee for a period of three years. Mr. Linn H. Enslow of New York 
City was elected President and Mr. Charles C. Agar of Albany, Vice- 
President. A. 8. Bedell, State Department of Health, Albany, was re- 
appointed Secretary-Treasurer, 

The program opened with a joint dinner of the Sanitary Engineer- 
ing Division of the A. S. C. E. and the N. Y. 8S. 8S. W. A., held at the 
Hotel MeAlpin. The principal speaker was Abel Wolman, Chairman 
of the Water Resources Committee of the National Resources Com- 
mittee, who spoke in his usual interesting manner on problems of water 
pollution control. 

At the general business meeting on Wednesday an amendment to 
the constitution was passed permitting the organization of local sec- 
tions, and an application for the formation of the Long Island Section 
was approved. Attention was again called to the activities of the 
Rating Committee, and the fact that a loving cup suitably inseribed 
would be awarded at the Spring Meeting to the operator who pre- 
sented the best report of operation for the year 1935, in accordance 
with the regulations of the Rating Committee. 

At the technical season Earl Devendorf, Associate Director of the 
Division of Sanitation, N. Y. State Department of Health, Albany, 
presented a very timely paper on ‘‘Policies and Progress in Sewage 
Treatment in New York State,’’ with particular reference to progress 
made in construction under Federal and State Relief Agencies. This 
was followed by a paper on ‘‘Progress in Milk Waste Disposal’’ pre- 
sented by Dr. C. R. Roberts of the Sheffield Farms, Inc., New York City. 

Following the luncheon President Morris M. Cohn presented the 
Kenneth Allen Memorial awards for 1935 to Samuel I. Zack for the 
most meritorious paper of a technical and research nature, and to 
Harry H. Hendon of Birmingham, Alabama, for the best paper on 
sewage plant operation presented during the year. Walter D. Binger, 
Deputy Commissioner of the New York City Department of Sanitation, 
was the principal speaker and gave a most interesting talk on the 
progress in sewage treatment in New York City during 1935. At the 
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afternoon session Harry H. Hendon presented a paper on ‘‘Chemical 
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Treatment during 1935 at Birmingham, Alabama,’’ which admirably 
supplemented the paper presented at the previous Annual Meeting. 
Samuel I. Zack gave a paper on ‘‘Operating Experiences at Perth 
Amboy, N. J.’’ and the discussion on these two papers was opened by 
Messrs. F’. W. Gilereas and Linn H. Enslow. The discussion from the 
floor indicated the renewed interest in chemical treatment of sewage. 
Dr. A. J. Fischer presented a most exhaustive paper on ‘‘The Eeco- 
nomics of Various Methods of Sewage Sludge Disposal,’’ and John V. 
Fenton gave a brief paper describing the Great Neck Sewerage Project. 

On Thursday the members of the New York State Sewage Works 
Association were guests of the Sanitary Engineering Division of the 
A. 8S. C. E. at their technical session and on Friday both groups par- 
ticipated in an inspection trip to the Great Neck village sewage treat- 
ment plant, arranged through the courtesy of the Municipal Sanitary 
Service Corporation of New York City, which furnished busses and a 
buffet luncheon at the plant. This unique plant provides for vacuum 
filtration of the sewage after pre-sedimentation, using paper pulp as a 
filter medium. The sludge is disposed of by vaeuum filtration and 
incineration at a municipal refuse incinerator. 

The Spring Meeting of the Association will be held at Lido Beach, 
Long Island, in the early part of June. 

A. S. Bebe, 
Secretary 


THE FEDERATION OF SEWAGE WORKS ASSOCIATIONS 
Minutes of the Annual Meeting of the Board of Control 


The Annual Meeting of the Board of Control of the Federation of 
Sewage Works Associations was held in The Engineers’ Club, 32 W. 
40th Street, New York City, on Thursday evening, January 16, 1936, 
at 7:30 o’clock, following a dinner by the twenty-one representatives 
attending. 

The Chairman, Mr. C. A. Emerson, Jr., presided. The roll was 
ealled and the following were found to be present in person: 


Name Representing 
RRSUNG EMME GD igils ons ob <= 6 v.16 010 0% North Carolina Sewage Works Association 
Boum Fi, BPOOKE, OE... cece ees New England Sewage Works Association 
Wm. W. Buffum .................Member at Large 
Morris M. Cohn .................New York State Sewage Works Association 
UB RCo Oo | ry Central States Sewage Works Association 
bl OES: | rr Pennsylvania Sewage Works Association 
See ee eee New York State Sewage Works Association 
Charles Gilman Hyde ............ Member at Large 
OURS ote 1) Ss ees Federal Sewage Research Association 
SACRE UMM 5 cs do esas Wao ro we Pennsylvania Sewage Works Association 
Wm. J. Orchard .................Member at Large 
Wm. M. Platt ...................North Carolina Sewage Works Association 
he eee New Jersey Sewage Conference 
So i ee ae Member at Large 
Marie Ty: Waterman: ..)...5. 0016656 Iowa Wastes Disposal Association 
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| Present in person, acting as proxy: 


Name Representing 
A. S. Bedell 


l (for Harry C. Hall) ...........Maryland-Delaware Water and Sewerage Ass’n. 
F. M. Dawson 
, (Tord. Tay WETENEO)) <i.6-5 6.555550 Central States Sewage Works Association 
Gordon M. Fair 
(LOR AwOy. 00. CIATEIS ) acs. os seers Pacifie Northwest Sewage Works Association 
Ff. Wellington Gilereas 
(ors. W. Vanileeek): 2.4 siecs New England Sewage Works Association 
Guy E. Griffin 
(for W. B.. Male) ..5... 6.6 28s Sewage Division, Texas Section, 8. W. W. A. 


The following were represented by proxy: 


Name Representing 
BUOY: AG: TBROWNO  oo653 5 oe ds wire we Ohio Sewage Works Conference Group 
ELC tOR MMONOOY ods Aine 6 wi nw oS eae ahd Oklahoma Water and Sewage Conference 
Wi eer PRUE oh orice eave Aine idea ate Sewage Division, Texas Section, S. W. W. A. 
AUS: So C2) nr Federal Sewage Research Association 


Max Levine Towa Wastes Disposal Association 


Bis RENOIR 3 occssa'scg Bela @ aie an Michigan Sewage Works Association 
Dario Travaini ..................Arizona Sewage Works Association 
ELDON ARP NMR ho S58, bs. as bine Maryland-Delaware Water and Sewerage Ass’n. 


Chairman Emerson reported briefly on the gratifying growth of the 
Federation during the past year, not only in membership but also in 
the improved financial condition. He referred to its expansion into an 
international organization, called attention to the need for further 
progress, stated that this was a critical time and that great care should 
be exercised in planning for the future, which was bright with prospects 
for further development. 

Business Manager Buffum reported that 2063 persons were receiv- 
ing the Journau at the end of the year, an increase of 233 over the cor- 
responding figure a year ago. Of this total 1678 were members of 
local associations, 340 were non-member subscribers, with 45 gratis and 
exchange subscriptions. Of the member subscribers 193, or twelve per 
cent, reside outside the United States, chiefly in Canada and England. 
Of the 340 non-member subscribers, 178, or slightly more than half, 
reside abroad. 

Mr. Buffum, in commenting on the growth of the Federation, re- 
called that at St. Louis in 1927, at a meeting held preliminary to 
organization, effected the following year, the most optimistic estimate 
of the probable maximum number of subscribers to the JourNAL was 
one thousand; double that number are now subscribers after only eight 
years existence, with bright prospects for further expansion. 

Contract advertising in 1935 averaged 1924 pages per issue, exceed- 
ing the 1934 average of 1514 pages, which then represented the highest 
average since the JourNAL was begun. 

The Board by appropriate motion accepted Mr. Buffum’s report 
and declared it to be the sense of the meeting; that because of the sup- 
port given by The Chemical Foundation it had been possible for the 
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Federation to function and to publish the Sewace Works JourRNat; 
that the Board gratefully expressed its appreciation both to The Chemi- 
‘al Foundation and to Mr. Buffum. 

A general discussion followed. Suggestions were offered for in- 
creasing income; the desirability and necessity for securing more ad. 
vertising for the JournaL were stressed; and consideration was given 
to the practicability of increasing the subseription price to members of 
affiliate associations, it being pointed out that to do so probably would 
involve changing the constitutions and by-laws of all the affiliates. 

Because of the financial loss occasioned in furnishing reprints of 
published articles free of charge, the Board, by appropriate motion, 
decided to discontinue this practice. In this the Federation follows the 
practice of most of the technical publications. 

The Secretary-Treasurer, in his report, showed that the twenty-one 
affiliates had a total net membership of 1667, with 33 dual memberships 
deducted, a net increase of 199 over the preceding year. Highteen of 
the affiliates are in the United States, one in Canada and two in England. 
439 new members were added in 1934, while 256 former members did 
not renew their membership. Nevertheless, the figures show a net gain 
of 183 actual new members. Of the five largest groups, New York 
State Sewage Works Association had the largest membership, followed 
in order by California, Central States, Pennsylvania and New England. 
On motion the report was accepted. 


New Business 

The application of the Georgia Water Works and Sewage Operators’ 
Association was voted on and duly approved. Similar action was taken 
with respect to the application of the Sanitary Engineering Division of 
the Argentine Society of Engineers (Division Teeniea de Ingenieria 
Sanitaria), Buenos Aires, Argentina. In connection with this Jatter 
organization, the Board passed a resolution of appreciation to HK. D. 
Besselievre of New York City for the excellent work done by him in 
bringing about this application. 

The Chairman reported that he had had conferences with repre- 
sentatives of the Russian Sanitation and Water Works Association con- 
cerning cooperative action with the Federation and possible affiliation. 
After discussion, tentative authorization for affiliation was voted pro- 
vided the application submitted and the relations to be established be 
acceptable to Chairman Streeter of the Membership Committee, and 
to Chairman Emerson. 

Mr. Streeter reported that Dr. Molhlman and he had had correspond- 
ence with German engineers, which may lead to an application later 
for affiliation by a group of persons in Germany interested in the Fed- 
eration. They were requested to follow up the matter. 

Mr. Emerson next called to the attention of the Board the possible 
need for changes in the Federation Constitution and By-Laws which 
was adopted to govern an organization less far-reaching than the Fed- 
eration has become. Upon request the Board granted the Chairman 
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authority to appoint a committee to study this question during the next 
: year and to submit such revisions and changes as may appear desirable 
to the Board and Affiliate Associations in the manner prescribed for 
such action. 

Editor F. W. Mohlman, in reporting on matters pertaining to the 
Sewace Works Journat, asked for advice concerning the inclusion in 
the JournaL of a section on practical operating problems. He had in 
mind publication of the list of annual operation reports, the compilation 
of cost data, the description of practical operating kinks and similar 
items that would appeal to the operator of the smaller plants. It was 
his opinion that it would require a practical operating man to pick out 
the essentials of such data. 

Discussion ensued as to the. possibility of this move, agreement 
heing general as to its desirability if it could be financed. It was sug- 
gested that it might be found practical to cut down on abstracts of 
articles in publications readily available, merely reciting title and refer- 
ence, and use the space thus saved for the operators section. The mat- 
ter was referred to the Publication Committee for consideration. 

The Board proceeded to the election of officers and selection of com- 
mittees for the ensuing year, with the following result: 


Officers 


Chairman, C. A. Emerson, Jr., New York 
Vice-Chairman, Morris M. Cohn, Schenectady 
Business Manager, Wm. W. Buffum, New York 
Editor, F. W. Mohlman, Chicago 
Secretary-Treasurer, H. KE. Moses, Harrisburg 


Members at Large 
Wm. W. Buffum, New York City 
Il. W. Streeter, Cincinnati, Ohio 
Wm. J. Orchard, Newark, N. J. 
Chas. Gilman Hyde, Berkeley, Cal. 
Karle B. Phelps, New York City 





Executive Committee 
C, A. Kmerson, Jr., Chairman 
Morris M. Cohn 
1. E. Moses, ea: officio 
Wm. W. Buffum 
Wm. J. Orchard 


Constitutional Committees 


Membership 
II. W. Streeter, Federal, Chairman 
A. I. Berry, Canada 
R. KE. Fuhrman, Missouri 
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Publication 


A. P. Miller, Federal, Chairman 
Karle L. Waterman, Iowa 

John H. Brooks, Jr., New England 
W. W. DeBerard, Central States 

K. W. Mohlman, ex officio 


Coordination 
Chas. G. Hyde, California, Chairman 
J. R. Rumsey, Michigan 
Linn Knslow, New York 


Research 
Karle B. Phelps, New York, Chairman 
Willem Rudolfs, New Jersey 
W.S. Mahlie, Texas 
Max Levine, Lowa 
If. F. Gray, California 


Special Committee 
Finance 
Wm. M. Piatt, North Carolina, Chairman 


Members to be selected by Chairman of 
Federation and Chairman of Committee. 


Attention was called to the fact that in 1938 the Federation will be 
ten years old, and suggestions were offered that a national, or perhaps 
an international meeting be held on this anniversary, either alone or in 
conjunction with one of the national groups. Discussion followed as 
to the feasibility and possibility of such a plan. The matter was finally 
referred to the Coordination Committee with a request that a progress 
report be submitted to Chairman Emerson in three or four months. 

There being no further business the Board adjourned at 9:30 P.M. 
upon motion and vote. 

H. E. Mosss, 


Secretary-Treasurer 


REPORT OF SECRETARY-TREASURER, FEDERATION 
OF SEWAGE WORKS ASSOCIATIONS, FOR THE 
YEAR ENDING DECEMBER 31, 1935 


The Federation closes the year with twenty-one affiliates, eighteen 
in the United States, one in Canada and two in England. Included in 
this total are two whose applications were approved provisionally at 
the last meeting of the Board of Control held January 18, 1935. They 
are Kansas Water and Sewage Works Association and Pacific 
Northwest Sewage Works Association, formerly named Northwest 
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Conference on Stream Pollution, each of whom subsequently adopted 
a constitution in conformity with the requirements of the Federation 
Constitution governing affiliates. 

Two new groups have applied for affiliation, viz.: Georgia Water 
Works and Sewage Operators’ Association, with fourteen members, 
and Sanitary Engineering Division of the Argentine Society of Engi- 
neers, Buenos Aires, Argentina, starting with thirty members. Chair- 
man Emerson and Mr. Streeter have had conferences with representa- 
tives of the Russian Sanitation and Water Works Association and the 
German Construction Society regarding the possibility of affiliation 
with the Federation. 

The gross total membership of the twenty-one affiliates is 1700. 
Deducting thirty-three dual memberships, leaves a net total of 1667, 
a net increase of 199 over the preceding year. The details are shown 
in the following analytical summary : 














| Gross | not | Membership 
| Gross | Dual ae 
| Mem’s’p | Mems. New | Renew eerie 
Mems.| Sub. | jets 
| 85 ~—-| Iner. | Deer. 
Arizona S. Wks. Ass’n........ SRE IA Soa 16 a 5 5}; — | --- 
California S. Wks. Ass’n.................. 181 | 6 34 42 | —| 6 
Cent. States S. Wks. Ass’n........ ed 177 | - | 62" a; i = 
Federal S. Research Ass’n.................] 47 | — 4 16 — | 16 —- 
Iowa Wastes Disp. Ass’n................. 35 — | 16 6 | 10 — 
Kansas W. & S. Wks. Ass’n (New). . Zo | — | 23 _ 23 — 
ett iy ieee J, a ee | 2] 1 1 6 | — 5 
Michigan S. Wks. Ass’n. Cae ee 85 | 1 26 19 | * -— 
Missouri W. & 8. Conf...................J 68 | — | 20 38 | — 18 
New England S. Wks. Ass’n..... ey 135 | 3 18 Is | --8 — 
New Jersey Sew. Conf....... Ree. ana 56 | - | 12 So 4 — 
N. Y. State 8. Wks. Ass’n................. | 3a | 15 | 79 “| ww) — 
N. Carolina S. Wks. Ass’n............ : | 74 | - | 18 a ij|-= 3 
Ohio 8S. Wks. Conf. Group. oe 92 | | 11 5 6 — 
Oklahoma W. & 8. Conf.................. 2 - 2; — 2 
Pacific N. W. 8. Wks. Ass’n. (New)........| 32 - | 22 1] i = 
Pennsylvania S. Wks. Ass’n............... | 149 5 | 27 Oe | a7 — 
Sew. Div.-Tx. Sec. 8. W. W.A............, — | — ae 
Can. Inst. on Sew. & San.................| 64 | 2 | 22 2 | 20 — 
Inst. of Sew. Purif.—Eng.. . . ; a 67 26 6 | “20 _- 
Inst’n. of San. Engrs.—Eng.. . re Pak 51 1] 2 | 9 — 
rere 33 | 439 | 256 | 222 | 39 
33 | | | 39 
J 
| 1667 Net Mem’s’p | 183 Gr. Iner. 





It is a matter of gratification to note a total of 439 new members 
during the year, only 45 of which are chargeable to the two new affili- 
ates. At the same time 256 former members did not renew their mem- 
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bership. Nevertheless, the figures show a net gain of 183 actual new 
members. 

Letters and expressions of commendation have been received cou- 
cerning the important work of the Federation; particularly as to the 
outstanding excellence of Sewact Works Journau. In this connection 
I quote a letter of January 3, 1936, to your Secretary from John H. 
Garner, Federation Secretary of the Institute of Sewage Purification, 
London, England, and also President of the Institute: 


“T am in receipt of your notification that the Annual Meeting of the Board of Con 
trol will be held in New York on the 16th instant. 

“ Unfortunately, I shall not be able to attend. On behalf of the Institute of Sewage 
Purification, however, I send hearty congratulations on the splendid and important work 
which the Federation of Sewage Works Associations is carrying on. The Institute i; 
proud to be affiliated to the Federation, and I am hoping to strengthen the bonds of at- 
tachment by inducing more of our members to become subscribers to SEWAGE Works 
JOURNAL. 

“Tf this letter should reach you before the Annual Meeting, please convey to the 
Members my best wishes for the continued success of the Federation, and for their own 
personal welfare and prosperity during 1936.” 


H. EK. Mosks, 
Secretary-Treasurer 








Operators’ Reports and Suggestions 
W. D. Harrretp 


Editor’s Note—Dr. Hatfield has agreed to take charge of this section, devoted to 
the needs of the practical plant operator. It is the result of a desire to present data 
from annual reports and also to build up a section on operation “ kinks” and laboratory 
aids for the operator in the field. In crder to improve this needed service, managers, 
superintendents or chemists are requested to send annual reports and special reports to 
Dr. W. D. Hatfield, 249 Linden Place, Decatur, Illinois. It is also hoped that State 
Departments of Health will send their bulletins, or instructions to operators on the 
operation of sewage treatment plants; and that individual operators will write short 
articles or notes on improvements in tools or operation, expressly for this section of the 
JOURNAL. 

Dr. Hatfield writes: “It is my experience that more often than not a valuable aid 
to our work is lost because the operator thinks it is not very important or not worth a 
paper before an engineering or scientific society. This section is to be an attempt to 
vet together those little sketches, a drawing, and perhaps two or three paragraphs about 
a do-dad or gadget which has greatly reduced the labor or increased the efficiency of the 
plant or laboratory. It is to contain those little things that you point out to a visitor as 
you walk around the plant but about which you would never think of writing a paper.” 

Usually this section will also include condensations or tabulations of the essential 
data in the “ Annual Reports” of operation of sewage treatment works. Such reports 
warrant more extensive reproduction than is possible in an abstract or review, for the 
tables of data, month by month, tell the operator exactly what the plant has accomplished. 

It is hoped that this section will catalyze or activate the interest of the treatment 
plant operators and that Dr. Hatfield will be swamped with material. 


SUGGESTIONS TO PLANT OPERATORS 
From ‘‘The Digester,’’ Illinois State Dept. of Health 


CLARENCE KLASSEN, Chief Engineer, Springfield, Il. 
MAINTENANCE OF IMHOFF TANKS 
Settling Chamber 


1. Skim off surface daily, disposing of skimmings by burial or into gas vents. 
Serape down walls and sloping bottom with a squeegee once a week. 
Clean slot weekly by dragging a heavy chain along its entire length. 

4. If design of tank permits, the direction of flow through the settling chamber 
should be reversed once each month. 

5. Don’t be sparing in the use of the hose in washing down walls and flushing inlet 


7 
» 
vw. 


and outlet channels. 
6. A 1% inch mesh removable screen across the outlet weir is helpful in catching 
inaterial which elogs filter nozzles and distributors. Such a sereen should be kept clean. 
7. Remember that the purpose of the settling chamber is to remove settleable solids. 
\djustment of baffles and of outlet and inlet weirs, valves and gates may reduce cross 
currents or short-cireuiting and give increased efficiency. Study your tank. 


Sludge Chamber 


1. A pH value of from 7.2 to 7.6 should be maintained in the sludge chamber for good 
digestion. If the sludge has a very low (under 6.6) or very high pH (over 8.0) the 
gas vent contents become light and foamy and may boil over the tank walls. This con- 
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” 


and is usually caused by industrial wastes (milk plant or 
brewery) which turn sour quite rapidly in Imhoff tanks. May also be caused by draw- 
ing too much sludge, abrupt changes in temperature or by overloading of the sludge 


dition is called “ foaming 


chamber. 

In ease of foaming, the cause should be determined and removed if possible. Cor- 
rective measures are: putting the tank out of service temporarily (only if another 
unit is available for use), drawing a small amount of sludge, the addition of lime solution 
to the sludge chamber to correct a low pH, and hosing down the gas vents. 

2. Sludge should be removed before it accumulates to within 18 inches of the slot. 
The top of the sludge level may be found by the use of a pitcher pump with flexible hose 
suctions or with a sludge sampling device consisting of a stoppered bottle fastened to the 
end of a 1- by 2-inch pole, 15 or more ft. long, with a stiff wire attached to the stopper, 
which can be pulled at a selected depth. 

3. Sludge may be removed in small quantities at frequent intervals or removal may 
be controlled by relative capacities of sludge chamber and sludge drying beds. Always 
draw at a slow rate and never remove all of the sludge in the tank or foaming will follow. 

4. If sludge does not flow when valves are opened, the flow may be started by 
hosing or rodding through the sludge pipe connection usually provided for that purpose. 


Gas Vents 


1. Prevent excessive scum accumulations and keep seum moist and loose so that 
gases may escape easily. This may be done by hosing, by pushing the accumulations 
down with a rake or hoe, or by pumping the liquor which overlies the sludge onto the 
surface of the scum by means of a portable pump. 

2. If seum formation is very thick it may be removed manually to the sludge dry- 
ing bed, or pumped from vents to beds with a diaphragm type pump. 

3. See “ Sludge Chamber ” for foaming in gas vents (above). 


SPRINKLING FILTERS 

Question: How ean surface clogging or “ pooling ” of sprinkling filters be corrected? 

Answer: There are several ways of controlling pooling, among which are: 

1. Turn over the stone in the ponded areas with a spading fork, taking care not to 
handle the stone too roughly. 

2. Flush the surface of the stone with water under pressure. 

3. Applications of heavy doses of chlorine or chlorinated lime to the sewage in the 
dosing tank is effective in eliminating pools. Chlorinated lime may be ordered through 
the local druggist. 

4. Placing a portion of the filter out of service for about 48 hours. Before this is 
done, however, the condition of the outlet stream should be considered and other measures 
employed if there is not sufficient dilution to prevent objectionable stream conditions. 

5. Some filters are built in such a way that they can be flooded to a level above the 
stone surface and this should be beneficial in stopping pooling in many cases. 

Question: How ean sprinkling filter flies be controlled? 

Answer: An excellent article on this subject is contained in Volume 6, No. 5 of 
SEWAGE WorkKS JOURNAL. 

Practical control methods are: 

1. Completely flooding the filter for a 24-hour period about every 10 days during 
the fly season. This should only be done where the filter was designed for this practice. 

2. Closing the valves on 2 adjacent distribution laterals at a time for a period of 
48 hours so that the entire bed will be dried out by sections may give some reduction in 
flies. 

3. Intermittent heavy dosages of chlorine through the spring and summer months 
is often effective. Weekly applications giving a residual of 3-5 p.p.m. are recommended. 

4. The adult flies may be destroyed by burning them with a blow-torch as they rest. 
A spray comprised of 4% to 4% pound of pyrethrum flower mixed with one gallon of kero 
sene and left standing for 24 hours with occasional stirring is very effective in controlling 
the adult fly but care should be taken to see that as little as possible of the spray reaches 
the filter stone. 

















A NEW TYPE OF BAR SCREEN 


A NEW TYPE OF BAR SCREEN 


By A. L. Gat 


Supt., North Shore Sanitary District, Highland Park, Ill. 


Bar screens in small sewage treatment works are usually trouble- 
some. They are necessary to protect pumps, by removing large objects 
such as sticks and wire, but in addition they catch rags, paper and 
fibers which need not be removed. In fact, in my experience I have 
found that it is desirable to allow rags and paper to pass to the pumps, 
or directly to settling tanks if the flow is by gravity, rather than to 
attempt to catch such material on a bar screen. <A bar screen, during 
cleaning by rakes, may pass wads or lumps of solids, which may either 
cause valve trouble in pumps, or form balls of undigested sludge or 
scum in the digestion compartments of Imhoff tanks. On the other 
hand, if such material is taken just as received, the rags will not tend to 
hecome matted but will deposit in small pieces and will break up quickly 
when digested. 

I would in general prefer to have no coarse bar screens preceding 
the plants of the North Shore Sanitary District, but it is necessary, 





Fic. 1—dZigzag screen at Ravinia. 
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however, to protect pumps and tanks from sticks, two-by-fours, etc., 
which will get into sewers. In order to catch such objects, but to pass 
rags, paper, etc., I have tried out a new type of coarse screen or rack 
at the Ravinia Imhoff plant. This screen is a home-made affair, con- 
structed of 12-gauge galvanized sheet iron. A picture of the installa- 
tion is shown in Figure 1. The zigzag sheets, standing vertically, are 
constricted at the downstream end, so that a stick which may enter the 
upstream end will get wedged in between the sides of the screen and be 
‘aught. The rags pass through, and although they may get caught 
temporarily by wrapping around the upstream edge of the screen, 
usually the whipping motion of the water current will loosen the strands 
and they will be carried through the screen. 


TaBLeE I.—Loss of Head, 27-Inch Channel, Ravinia Plant 





Hours sinee | Loss of Head | Rate of Flow | 





Screen Date 1936 Remarks 
‘ Cleaned Inches | M.G.D. 
Bar Feb. 18 24 9.0 0.62 
13-Inch Openings 19 24 10.25 0.62 | 
19 6 7.25 0.60 
20 18 9.5 0.68 
21 24 10.0 0.60 
22 24 11.0 0.60 
New Type Feb. 22 0 1.6 | 0.68 | Clean 
9-Inch Openings 23 20 2.0 0.68 
(Upstream) 24 24 5.0 | 1.81 
25 24 4.5 2.06 
53 a a ae AE 





t 


Fig. 2.—Plan showing screen installed in enlarged channel. 








eee 























Vol. 8, No. 2 SLUDGE DEWATERING ON DRYING BEDS 331 


The former bar screen at Ravinia, with openings of 114 inches, had 
to be cleaned daily, and at times of storms the plugged screen caused a 
large loss of head. The new screen, which was installed in September, 
1935, will remain open for two weeks or longer, and even after that 
time only a few rags are caught on the upper edge of the screen. 
Sticks have been caught up to three feet long and they are easily re- 
moved. <A record of the loss of head with the bar screen and later 
with the zigzag sereen is shown in Table I. The sewage flow increased 
greatly during the latter measurements due to melting snow, neverthe- 
less the loss of head was still much less than with the bar screen. 

The disadvantage of the Ravinia screen is that the channel has been 
constricted, as shown in the photograph (Figure 1). For this reason 
it might be desirable to install the screen in an expanded section of the 
channel, as shown diagrammatically in Figure 2. The screen at 
Ravinia is made of light material, for temporary use, but for a perma- 
nent installation the sereen walls would have to be made of heavy 
metal resistant to sewage corrosion. Stiffening and anchorage of the 
walls ean be accomplished by a cast-iron rigid framework. 

[ believe this type of screen or rack is very satisfactory for sewage 
plants for there is practically no maintenance or operating cost. The 
sereen can easily be installed in the influent trough of many operating 
plants. 


SLUDGE DEWATERING ON DRYING BEDS * 


By C. H. Youne 


District Engineer, Pennsylvania State Health Dept., Harrisburg 


When a well digested sludge is drawn to the drying beds it continues 
to gasify, and within several hours a considerable portion of the sludge 
solids will raise to the top and the dirty sludge water will remain be- 
low. As this water drains away the floating sludge subsides. For all 
practical purposes the two phases of sludge drying are, drawing and 
evaporation. With the continued loss of moisture, cracking of the 
sludge surface begins and, if the sludge is left on the bed long enough, 
this cracking will extend the depth of the sludge. Sludge with a mois- 
ture content of about 80 per cent is no longer liquid; sludge can be 
removed from the bed when the moisture content decreases to between 
70 and 78 per cent, but a much better handling material will be secured 
if the moisture content is about 65 per cent, or even less. 

In order to better understand the phenomena of drying as related to 
drainage and evaporation, data on the rate of drying for different 
sludges are shown in Figure 1. These curves clearly show that drain- 
age occurs principally in the first 24 hours and is more important from 
the standpoint of removing the most water. On the other hand, from 
the standpoint of time required on the bed, evaporation is more im- 
portant. 


* Presented Before the Ninth Annual Conference of the Pennsylvania Sewage Works 
Association, State College, June 25, 1935. 
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Fic. 1.—Rate of sludge drying on open and covered beds based upon tests showing the percentage 
of the total water removed which left the sludge at the end of a given time. 








| 











| Depth | “a “3 | = : 
Place Reference Type Bed| Wet — | Time of 
| Inches al | | Test 
| On | Off | 
(1) slaceetai ae ..| Eng. News Record, Open | 10.0 lo 95. 5.01 65.0 | | Summer 
Sept. 1932 | | 1932 
(2) Butler. ...... Baca. Glass 9.3 | 92.3 76.0 | Feb. 1931 
covered | | 
(3) New Jersey........... | N. J. Sew. Wk. Assoc. | Glass | 9.0 led 8 65.2 | Mar. 1930 
1931 covered | | 
(4) Sharon.......... ‘ Glass | 11.1 86. 6) 64.85 | May 1931 
covered | | | 
(5) Plainfield............| N. J. Ag’l. Sta. Bul. | Open | 9.0 | 93. 8 75. | June 1929 
502 | 





The practical value of these curves is to show the importance of 
having a well digested sludge that will give up its water readily; the 
importance of clean, porous, draining material; the need for levelling 
and of seeing that the sand surface is well loosened before applying the 
sludge; and, where open beds are provided, of gauging the drawing ot 
sludge as not to let a heavy rain fall on the sludge, beating it down and 
sealing the voids near the surface of the sand, before the initial drain- 
ing is nearly completed. Likewise, if glass covers are provided and it 
is necessary to draw sludge during freezing weather, to close the build- 
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ing until the initial draining is completed, or even to delay the drawing 
for several days until there are more favorable temperatures. Since 
it requires a considerably longer time to effect evaporation, the curves 
show the importance of having glass covers designed to promote ef- 
ficient air displacement and of properly operating these to permit the 
evaporating moisture to be removed from the greenhouse. 

The amount of work which sludge beds will do depends upon arez 
and condition of drying beds available, temperature, humidity, wind ve- 
locity, character and age of the sludge applied, and moisture content 
of the sludge as removed from the beds. The work accomplished by 
sludge drying beds should be expressed as pounds of dry solids per 
square foot of drying surface per unit of time. 

From a study of available results on the operation of open and 
elass-covered sludge beds one can secure a wide range of results. For 
a 12-month period, one section of an open and one section of a glass- 
covered sludge bed at the Meadville sewage plant have been dosed and 
the sludge removed as frequently as possible. Table I gives the results 
of this parallel operation. 


TABLE | 
Glass 
Open Bed Covered Bed 

PHS, MRE rsh erste Poliocerictonckaiaie aisle sie wna seis Sane avoLensal SiO sis eee 1] 19 
5 NaC: Fen UE ETT C11 R/C) 5 Rea eae Pe 10.8 10.1 
PW a MRCP IRC HOS OEE > 21515) 1 o% oa, cu sie ens ea tsiln dostane’a sd steceralerstors 4.4 4.1 
AVE Yo TsO Mp pued SIGOPS oie chs as ow Sass eae eee 92.5 93.1 
AWS Yo RAND TOMOVCO BIUOBO = 6 ois cca oe a de eee ede wane eee 68.1 70.3 
Pint VGPAOT ANU O, COR lia cis sin ieee ee lans Giersisbreinierecsl siesiesens 50.1 50.1 
BRANT, AETCHOS! race, ose foestars tens a) a aie, ss sestusiend iss Suobetanz anes 36.2 36.2 

Hb dry SONGS Per Sq: 1b. BANA SUTTACE o.oo. ose 5s we wes 48 71 
24.5 36.2 


bb: vol. ‘solids: per sq: ft: sand’ surface: 2.66.66 eee DH 


These results show that the glass covered bed test section handled 
about 1.5 times as much dry solids per unit of area as the open bed test 
section. 

It is surprising when analyzing the records of many plants to find 
that few sludge beds are worked to their capacity. There are probably 
many reasons for this, and the following suggestions may be of value to 
the operator in more effectively utilizing the available drying beds: 

1. A good sludge is essential for rapid dewatering. The stage of 
decomposition of the solids affects its ability to drain. Control the 
operation of the digesters so as to produce a well digested, rapidly de- 
watering sludge. Remember, the more water removed by drainage the 
less by evaporation, which means reduced drying time. 

2. Clean the bed of previously dried sludge before re-dosing, and see 
that the sand surface is well loosened before each dose. Never dis- 
charge wet sludge to a bed containing dry, or partially dry, sludge. 

3. Provide a definite operating schedule for regularly drawing 
sludge to the beds. A small number of beds dosed regularly is better 
than a large number dosed at one time. The schedule must consider the 
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type of beds, open or closed, character of sludge, and the season of the 
vear. 

4. The optimum depth to which to apply wet sludge will vary from 
7 in. to possibly 16 in. dependent upon the season of the year, the mois- 
ture content and the character of the sludge. This will need to be 
determined for each plant. 

d. Level the sludge beds as frequently as needed. 

6. Remove dry sludge from the beds as promptly as possible. Do 
not try to produce bone dry sludge or keep sludge on beds until very 
low moisture contents are reached unless large bed areas are available. 
Remember, the purpose of sludge drying beds is to reduce the moisture 
content so the sludge can be conveniently removed. 

7. For open beds, select sludge dosing times so as not to precede a 
rain, if possible, and for glass-covered beds avoid drawing during ex- 
cessively cold periods of the winter. 

8. Provide plenty of ventilation for glass-covered beds. 

9. Do not draw sludge from the digester at a discharge rate high 
enough to produce funnelling, thereby loading the bed with excess water 
to be handled. 


OPERATION OF THE NORRISTOWN SEWAGE 
TREATMENT WORKS * 


sy Frank B. AutEMuUsS 


Chief Operator, Norristown, Pa. 


The Borough of Norristown, Pa., completed a sedimentation plant, 
with separate sludge digestion, during the spring of 1932. The sew- 
age to be treated enters through a 30-inch main, equipped with a 50- 
inch valve. After passing the bar screen, it flows through the grit 
chamber and then on to the suction well. At this point it must be 
lifted 20 feet to the settling tanks. From the entrance to the influent 
end of the settling tanks, the equipment is housed in a single, roofed 
building—presenting a very compact appearance to the casual observer. 

Four primary settling tanks provide a retention period of 2.5 hours 
at a 5 m.g.d. rate. The present rate of flow is 3 m.g.d., with a morn- 
ing peak load of 5 m.g. After leaving the settling tanks, the effluent 
passes into two contact tanks which afford a further 20-minute settling 
period. The chlorine dispenser is located between the effluent end of 
the settling tanks and the influent end of the contact tanks. The solids 
which are left in the settling tanks are pumped to the digestors, from 
which, after thorough digestion, the material is run onto sand beds by 
gravity. Upon these it is allowed to dry. 


MANAGEMENT AND PERSONNEL 
The chief operator is directly responsible for the operation of the 
sewage plant. reporting to the chairman of a councilmanic Committee 


* Presented Before the Ninth Annual Conference of the Pennsylvania Sewage Works Asso- 
ciation, State College, June 25, 1955. 
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on Public Works by means of monthly and a yearly report. Fixed 
operating expenses, of course, are: salaries and wages for the person- 


nel, insurance premiums, and power bills. The combined salaries—in- 
cluding in addition to the stipends of chief operator, three shift opera- 
iors, and a laborer, the cost of whatever extra labor proves necessary 

approximate eight thousand dollars annually. Electric power serv- 
ice for a one year period totals five thousand dollars, and included in 
that figure is a charge of several hundred dollars for gas consumed by 
pilots on boilers, in the laboratory, and in one hot water heater con- 
nected to the shower bath installation. The insurance premiums for 
one year total $1,000 and cover loss incurred through wind and storm, 
explosion, and mechanical failures. The total for all the above charges 
is $14,000. An additional $1,500 takes care of miscellanéous items, 
such as spare part purchases, maintenance, replacements, lime, ete. 
Thus, the total of ‘the year’s tentative budget is approximately $15,500. 


, 





OPERATION 


Bar Screen.—This intricate piece of mechanism does a definite job 
and does it well. With the aid of a little electrical relay, it is only 

necessary to tell the screen to function every 30 minutes and with noth- 
ing other than a bi-monthly inspection of its contacts, cables and drums 
and a weekly greasing and oiling in the way of attention, it will re- 
move screenings from the rushing sewage stream at the rate of 8.5 
cubic feet per day. The cables deteriorate in time and must be re- 
placed. During the first year of operation, considerable difficulty was 
experienced with the copper contacts and pigs on the electrical equip- 
ment. This trouble was directly due to the H.S concentration in the 
grit chamber. A large contributor to this condition was the superna- 
tant liquor from the digestion tanks. Two factors were involved in 
bettering this condition; one was the installation of a ventilating fan, 
and the other was the healthier condition of the digestion tanks. 

Grit Chamber.—Grit and cinders are removed by means of com- 
pressed air, a circular well, and a washer. The air is supplied by a 
Nash HyTor unit driven by a 742 H.P. motor. The well has a conical 
shaped bottom and a circular rim. When air is applied to the cone, 
the sewage is forced through a pipe to the washer. The washer, with 
a de-hydrating screw set at a definite angle, removes the accumulation 
of grit to a container. Experimentation has enabled the operators 
to schedule the grit removal for the most opportune time—daily, at 
average load hour. The original setup permitted too many screenings 
to flow through the screen. The solution to this problem was the in- 
stallation of a suitable baffle in the rear of the bar screen. This unit, 
as a whole, gets weekly inspection. 

Suction Well—An inadvertent omission of an inspection or two 
so quickly and forcibly demonstrated that the float rods, used to vary 
motor and pump speeds in relation to sewage flow rate, were subject 
to eaking with fats and greases, that a very rigid weekly inspection 
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schedule for this unit was immediately inaugurated, for reasons other 
than those of convenience. 

Motors and Pumps.—The two 30 H.P. and the two 20 H.P. motors are 
air-blown, wiped, cleaned and greased once monthly. Twice yearly a 
complete oil change in all bearings is made. The Buffalo pumps, two 
with capacities of 2,100 g.p.m., and two with 1,400 g.p.m.—a total of 
10 m.g.d., get a daily inspection for excessive temperatures and water 
pressure on packing glands. Two interesting changes, from a plant 
angle, occurred on the 30 H.P. motors and the sewage pumps. Con- 
siderable heat and vibration was noticed between the crown bearing 
and the packing gland on the pumps. The shaft was reinforced with 
a sleeve, water under pressure was substituted for grease at the pack- 
ing gland, and the vibration ceased, temperature was normal and only 
a reasonable amount of packing was required. 

The changes required on the motors consisted of new slip-ring heads 
and brush riggings. The radius of the slip rings was too small, caus 
ing the rings to become pitted. The brush rigging was too frail in 
construction, and would not permit a suitable adjustment of tension on 
the brushes. After one year of operation and many headaches, we sold 
the manufacturer on the idea of supplying new heads and rigging free, 
if the operating force made the necessary changes. 

Auxiliary Power.—A 120 H.P., 4 cylinder gasoline motor is used to 
drive a 70 K.V.A., 440 volt, 60 cycle auxiliary generator. On two oc- 
-asions, to date, failure of the commercial power supply has foreed us 
to fall back on this unit for operating current. And it responded nobly. 
However, the periods of interruption were neither embarrassing nor 
of long duration. As a precautionary measure, weekly test runs of 
our auxiliary generating system are made. 

Settling Tanks.—The four oblong settling tanks, each 90 ft. long, 
17 ft. wide and 18 ft. deep, are equipped with Link Belt straight-line 
sludge collector units. Other than a bi-monthly greasing, cleaning and 
inspection, these, we find, need little attention. The collectors are 
started two hours prior to removal of sludge from the tanks, experi- 
mentation with shorter and longer periods having demonstrated that 
this is about right. By means of hoppers and a valve with hydro- 
static head, the sludge is removed to wells, approximately 17,000 gallon 
being taken from a 3 m.g.d. flow of sewage. At present, we use an 
average of 100 pounds of lime—in a milk of lime solution—every 24 
hours. 

Digestion Tanks.—In the first year of operation, we called these 
tanks many names—but never digesters! The fresh sludge, as it 
enters the well, is automatically pumped to the digestion tank—a 400 
g.p.m. pump driven by a 5 H.P. motor proving admirable for the pur- 
pose. Our plant is equipped with two batteries of such tanks—three 
tanks to a battery—and each battery has its 400 g.p.m. pump. The 
cutters installed on the non-clogging sludge pumps also helped to im- 
prove the situation. The tanks are 90 ft. long, 13 ft. wide and 21 ft. 
deep. Gas collection facilities are provided. We have very good re- 
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sults with our gas collection and consumption, all things considered. 
The yield has been very good, and the leaks plentiful. The large 
amount of water, plus the sulphide content, is our chief aggravation in 
this department. Due, partly, to our inability to maintain high flue 
gas temperatures, we have condensation troubles in the flues and boil- 
ers. With commercial gas, it is possible to operate the boilers a year 
with one cleaning. The sewage gas, by contrast, demands a boiler 
cleaning every three months. 

Sand Beds.—There are 16 sand beds, each 125 ft. long and 12 ft. 
wide, eight of which are under glass and eight uncovered. Digested 
sludge flows over these from front to rear in a 6-inch deep layer which 
dries to a thickness of about 2 inches. In 1934 we produced 60 such 
beds of sludge. The Borough of Norristown is the county seat of an 
agricultural county, and this causes the disposal of the finished product 
to become a simple operation. The farmer makes application for one 
or more beds of sludge, at five dollars a bed. It is understood that this 
order is for the material in the enclosed house. To show our good 
faith we inelude, free, the sludge from one of the open beds with every 
covered bed purchased. This has a tendency to unload the uncovered 
beds which would be embarrassing if they could not be emptied, and 
also promotes sales. We have interested nurseries, golf courses, and 
care takers of estates. The farmer removes the material with his own 
laboring force and equipment. If a farmer becomes elated with the 
results of our product on, say, tomatoes and corn, we will disagree and 
claim we can’t believe such a thing possible. The farmer becomes even 
more elated, trots in a goodly amount of his vegetables as free samples 
and proof, and purchases another bed! 


Recorps 


A daily log book, in which temperatures, visitors’ names, and other 
data are entered, is religiously kept. The Penna. Dept. of Health re- 
port duplicate affords an excellent record on past operation for ref- 
erence. All meters—gas, flow, elevation and electric—are read daily 
at midnight and all readings are recorded. Facts gleaned from the 
records of these readings, plus a power survey made by the plant 
operating foree, made possible an annual saving of $1,100 in the elec- 
trical power bill. This survey was based on the known fact that elee- 
trical equipment of the induction type with a low power factor may be 
very inefficient. In our case readings were taken on the electrical 
equipment every hour. This continued until a representative load 
curve was made. A capacitor of correct size and voltage was installed 
by the operating force, and the efficiency read 99.5 per cent. The Phila- 
delphia Electric Company made a check on the operation and rated the 
power bills accordingly. 

When you visit Norristown, visit’ our plant. Inspection of our 
equipment will do you a lot more good than anything we can hope to set 
down on paper. Come around and look us over. 
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STRENGTH OF SEWAGE 


By M. Loverr ano J. H. GARNER 


Paper presented before the Public Works, Roads and Transport Congress, November 22, 


1935, and reviewed, with discussion, in The Surveyor, 88, 601-03 (November 29, 1935), 88, 
727-28 (December 27, 19385) and 89, 45-46 (January 10, 1936). 


Determination of the strength of sewage is important particularly in connection with 
the preparation of treatment costs, where it is desirable to show separately the cost and 
degree of purification for each process. This involves the use of reliable methods of 
analysis of the influent and effluent of each stage of the treatment process. The present 
paper discusses the various methods of determination of sewage strength which have been 
suggested from time to time and presents a considerable volume of data collected in « 
study of their relative values. The “strength of sewage” is defined as “the amount of 
oxygen required for the complete, or practically complete, oxidation of its organic mat- 
ter. The ‘strength’ of sewage is measured in terms of the oxygen required to oxidize 
its organic matter and ammonia biochemically.” 

Because biochemical oxidation requires a long time for completion and although 
the 5, 10, or 20-day demand gives useful information, more or less rapid chemieal tests 
have been adopted in substitution of the “long aeration” method. These determina- 
tions inelude: 

(a) The oxygen absorbed from potassium permanganate and potassium dichromate 
under various conditions of time and temperature. 

(b) The content of organic carbon, ammoniacal, albuminoid and organie nitrogen. 

Each of these estimates has its own significance but not one has been considered 
adequate for determining quickly the total oxidizability. The procedures are deseribed 
in considerable detail. 

Biochemical Oxygen Demand.—The B.O.D. of a sewage is defined as the amount of 
oxygen taken up from solution by aerobic bacterial action after any given interval of 
time. The ultimate or total demand of sewage is the amount of oxygen required for 
complete stabilization of the contained organic matter, which is the value compared with 
those estimated by chemical determinations. 

The dilution and the direct, or absorption, methods for determination of B.O.D. are 
discussed in some detail. For the latter procedure Sierp has designed a convenient 
apparatus which, with the addition of a constant pressure arrangement as devised by 
the West Riding Rivers Board, enables ready calculation of results. The authors explain 
the method of working this equipment and the procedure for computing the B.O.D. as 
previously deseribed by Symons and Buswell (Ind. and Eng. Chem., Anal. Edition, 1, 
214-15). Generally somewhat higher values are obtained for effluents by the absorption 
method, although the results are always comparable with those of the dilution method 
when a buffered dilution water is used. For crude sewage the 5-day B.O.D. is often 
higher by the dilution method. The direct method has numerous advantages, however, 
in that errors of dilution are eliminated including those of estimating the proper dilution 
to be made, many dilution bottles are avoided, the apparatus is simple to use and can 
easily be refilled with oxygen if necessary and the method is equally applicable for all 
types of concentrated wastes. 

Oxygen Absorbed from Permanganate——Both acid and alkaline-permanganate meth- 
ods, all of which have had a fairly wide application, were examined. Of the former, the 
West Riding Rivers Board procedure is as follows: 
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“150 ml. of distilled water and 10 ml. of 25 per cent sulphuric acid are placed in 
a 12 oz. stoppered bottle and warmed to 80° F. (26.7° C.) in an incubator. A suitable 
quantity of the sample, 10 ml. in the case of a crude sewage, and 10 ml. of N/80 potas- 
sium permanganate solution are then added and the mixture incubated at the above 
temperature for 4 hours. An excess of at least 5 ml. of permanganate is always main- 
tained by the addition of further portions of 10 ml. of permanganate during the four 
hours if necessary. After the four hours have elapsed, 2 ml. of 5 per cent potassium 
iodide solution are added and the liberated iodine titrated with N/80 sodium thiosulphate 
solution, using starch as indicator.” 

Variations of this procedure deseribed include those of the Ministry of Health 
(Methods of Chemical Analyses as applied to Sewage) and of Thresh, Beale and Suck- 
ling in their book, Examination of Water and Water Supplies, 1933. The Royal Com- 
mission Method (Royal Comm. on Sewage Disp., 4th Report, Vol. 4, Pt. 5, 37), the 
A. P. H. A. Method and the Kubel-Tieman Method, standard in Germany, each have 
particular variations which are set forth. 

Alkaline-permanganate methods are claimed by their advocates to have certain 
advantages, in that at boiling temperature a rapid and more complete oxidation is 
obtained and that decomposition produets such as might occur in acid solution do not 
interfere. Of these procedures, the Schulze-Trommsdorff of German origin, the Wank- 
lyn as employed in England and the A. P. H. A. are briefly discussed. 

All of these oxygen-absorbed-from-permanganate methods exhibit great divergen- 
cies. The English “low temperature ” procedure requires careful temperature regula- 
tion for considerable periods of time, in comparison to the “high temperature” or 
boiling procedures, which, however, invariably yield higher results because of more 
complete oxidation. 

Oxygen Absorbed from Potassium Dichromate——Adeney and Dawson (Proc. Royal 
Dublin Soc., 18 (N. S.), 199, 1926) suggested a procedure later improved by Abbott 
(Ind. and Eng. Chem., 19, 919) employing acid-potassium dichromate solution for the 
oxidation of organie matter in sewage. Concentrated sulphuric acid is essential for 
complete oxidation. 

Estimation of Organic Carbon.—Because the first stage of the B.O.D. reaction is 
largely eoneerned with the oxidation of carbonaceous matter, the determination of 
organie carbon is of special interest. The carbon dioxide resulting from the oxidation 
of carbon after inorganie carbon has been removed is measured and forms the basis for 
the procedure. 

The chromic acid method devised by Mohlman and Edwards (Ind. and Eng. Chem., 
Anal, Ed., 3, 119) and the modifieation by Mills (J. Soc. Chem. Ind., 50, 375T, 1931) are 
discussed; the latter procedure is described in some detail and was adopted by the authors 
in their work. The method is fairly rapid and not difficult after a little practice. 

The persulphate method devised by Osburn and Werkman (Ind. and Eng. Chem., 
Anal. Ed., 4, 421, 1932) and as modified by the West Riding Rivers Board Laboratory 
has given very satisfactory results and has been found accurate when applied to ear- 
honaceous compounds of known composition. This method is likewise given in detail. 

Nitrogen Determinations.—Although free and saline, albuminoid and organic nitro- 
ven were determined for comparative purposes by well known methods, the authors agree 
with Buswell (The Chemistry of Water and Sewage Treatment, 1928) that the nitro- 
gen content of crude domestic sewage is not closely related to the total oxygen demand. 

Estimation of Strength by Calculation—From examination of a large number of 
sewages, MeGowan (Royal Comm. on Sewage Disp., 5th Rept., App. 4, 1) found that 
the difference between the total (after three months) B.O.D. and the oxygen equivalent 
of the total nitrogen was quite generally about 6.5 times the oxygen absorbed from N/S8 
permanganate for domestic sewages. From this relationship formulae for approxi- 
mate sewage strength were suggested: 

(Ammon. + Organic N) 4.5-++ (O abs’d in 4 hrs.)* 6.5 


(1) 
(Ammon. + Organie N) 3.0-+ (O abs’d in 4 hrs.)* 8.0 (2) 
Ammon. N X 4.5 + (O abs’d in 4 hrs.)* 8.0 ( 


* From N/8 permanganate. 
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Another rougher approximation is obtained by multiplying the oxygen absorbed in 
4 hours from N/8 permanganate by 10. If the N/80 permanganate method of the 
Ministry of Health is used, the result should be multiplied by 1.6 to obtain the equivalent 
of the N/8 value. If any other N/80 method is used a different factor is required. 
However, various ingredients such as sulphides, ferrous iron, sugar, glycerol or fats 
may completely alter this relationship as well as interfere with the N/80 test itself. 

Population Equivalent.—The strength of sewage may also be estimated on the 
population basis or in terms of the oxygen demand in pounds per head of population 
per day, which is said to give a more consistent measure for purposes of plant design. 
Industrial wastes may also be converted into population equivalent values on the same 
principle. 

Results—Tabulated analytical data of 8 sewages are given, six of which were 
mainly domestic and two contained considerable trade waste. Two graphs show the 
course of the biochemical oxidation for five of the eight samples. The authors conclude 
that: “ Until there is scientific evidence to show that there is some direct connection 
between the oxidizability (as determined by chemical or biochemical methods) of the 
organic matter of domestic sewage liquids and the amount of oxygen actually consumed 
in practical sewage purification, all methods of estimating strength must be regarded as 
relative or empirical. This is especially so with abnormal and trade sewages.” 

Discussion.—Mr. F. R. O’Shaughnessy (Birmingham) pointed out that the defini- 
tion of strength of sewage as being the amount of oxygen required for complete o1 
practically complete oxidation of its organic matter was at variance with current treat- 
ment practice in that removal of most of the gross impurities rather than their oxidation 
was the most economical procedure, reserving for the more costly oxidation processes 
only such impurities as could not be removed by preliminary treatment. Hence, the 
common practice of caleulating the amount of liquid which could be treated, say, on a 
bacteria bed on the basis of the oxygen absorbed by the erude sewage could not be 
regarded as a very reasonable one. As the authors point out, for cost estimates it is, 
therefore, very desirable to show the cost and degree of purification for each process 
separately. He also stressed the limitations of chemical methods for obtaining absolute 
oxidation values. 

Mr. J. H. Spencer (Northampton) noted wide variations between sewage strength 
and B.O.D. analytical results where periodic additions of toxie substances such as gas 
works liquors appeared in the sewage. In such instances the sewage, although moré 
difficult to treat, was actually indicated by the B.O.D. test to be the weaker. 

J. K. Hoskins 


REPORT OF THE WATER POLLUTION RESEARCH BOARD FOR 
THE YEAR ENDED 30TH JUNE, 1935, WITH REPORT OF 
THE DIRECTOR OF WATER POLLUTION RESEARCH 


Department of Scientific and Industrial Research (British) 


In its general report, preceding the more detailed report of the Director, the Board 
notes the difficulties in water supply and detrimental effects on stream pollution result- 
ing from the low rainfall of 1933-34; stresses the importance of accurate information 
on the water resources of the country and refers to the serious pollution of rivers and 
difficulties at sewage disposal works arising from the discharge of effluents from yeast, 
aleohol and industrial solvents factories using molasses as raw material; also from 
dairies and milk products factories. 

Brief reference is made to investigations in progress, which are deseribed more 
fully in the report of the Director, Dr. H. T. Calvert. From this report the following 
notes have been abstracted with reference to current studies of sewage and allied topics. 

Milk Factory Effluents—In the earlier experiments, described in the last two an- 
nual reports, mixtures containing about 1 per cent by volume of milk were made up 
with water to represent effluents discharged from milk collecting and distributing depots 
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and from condensed milk factories. The first series of experiments was made to test 
the possibilities of biological oxidation in percolating filters 6 ft. deep and built up in 
six sections, each 1 ft. deep, placed one above another. After two weeks, a degree of 
80-90 per cent purification was reached, but the efficiency then decreased owing to the 
accumulation of fat and other solids in the filter, which finally became clogged and use- 
less. Preliminary fermentation of the milk mixture for one or two days in an open 
tank caused the liquid to become acid and the solid matter to become separated as 
deposit and scum. When the separated liquid was treated on the filters at a rate of 
100 gallons per day per cu. yd. of material, the degree of purification increased to 98 
per cent after 3 weeks and was thus maintained throughout the 14 weeks test period, 
with no clogging of the filters. 

During the past year experiments have been continued in more detail on the com- 
bined process of anaerobie fermentation and biological oxidation in percolating filters. 
In one series of experiments 70 per cent of the fermented liquid was withdrawn every 24 
hours and replaced by an equal volume of fresh waste, samples of the fermented liquids 
being examined to determine the changes occurring in the proteins, fats, lactose and 
phosphorus compounds and whether these changes were influenced by sludge accumu- 
lations. Decomposition of proteins was most rapid at 30° C., with the largest produc- 
tion of ammoniaeal nitrogen. Fat decomposition into the lower fatty acids also oe- 
eurred at 30° C. Organie phosphorus was transformed into inorganic P.O; compounds 
(10-20 p.p.m.). Fermented liquids from the open tanks, when treated at the rate of 
100 gallons per day per ecu. yd. of filtering material, gave brigh: effluents with a B.O.D. 
of 20 p.p.m., as against 700-900 p.p.m. in the filter influent. The B.O.D. of the fresh 
1 per cent milk mixtures was 1200-1300 p.p.m. giving an overall purification of 98 per 
cent. 

From the biological examinations in the fermentation experiments, 48 species of 
bacteria were isolated and tested on seven carbohydrates and on the ammonium salts of 
formie, acetic and lactic acids. Of these 48 species, 20 occurred in two or more experi- 
ments, and only 5 were abundant. Four of these 5 species were facultative anaerobes 
and caused active fermentation of sugars with gas production. 

Several series of experiments have been made on the treatment of milk effluents by 
aeration in the presence of sludge. In these experiments, aeration with revolving brushes 
(after Kessener) also was tried. For some tests small quantities of activated sludge 
from a sewage plant were added. With 0.25 and 0.50 per cent of milk in the mixture, 
the results were thus improved, but with 1.0 per cent, they were poorer. The brush aera- 
tion system yielded effluents having a slightly higher B.O.D. than from forced aeration, 
but the dissolved oxygen and oxidized nitrogen were higher in the brush effluent. 

In some experiments, made by Mr. O’Shaughnessy at Birmingham, he found that 
by periodically changing the order of percolating filters connected in series, clogging 
was minimized and good results obtained. Satisfactory purification also was secured 
from the activated sludge process with activated sludge from sewage and a 24-hour 
aeration period. Over-aeration caused deterioration of the effluent. The presence of 
some sewage in the milk mixture was found advantageous. 

Activated Sludge Process of Sewage Treatment—In the last annual report, the 
results were given of experiments in which rates of oxidation of sewage, sewage sludg« 
and other substances were measured in Bareroft respirometers. Experiments on the 
same lines have been continued. For the reader’s convenience, the Barcroft apparatus is 
again briefly described. 

Previous experiments had indicated that rates of oxidation shown by the Barerofi 
apparatus were definitely higher, on the same material, than by the ordinary dilution 
method B.O.D. test. The experiments made during the past year have yielded similar 
results in this respect. Previous observations also have been confirmed showing that the 
quantity of oxygen absorbed by a mixture of sewage and activated sludge is greater 
than the sum of the amounts absorbed by the same sewage and sludge when oxidized 
separately. Thus, in one experiment the total amount of oxygen absorbed by the 
sewage and sludge when examined separately was 287 cu. mm. and when combined was 
605 eu. mm. This shows that by mixing crude sewage and activated sludge the rates 
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of oxidation of the sewage or sludge or both by air are greatly accelerated. From the 
results cited, these rates were roughly doubled by combining the two materials. From 
comparative experiments made with crude sewage and treated effluent, it is shown that 
the difference between the sewage and the effluent can be demonstrated in a few hours by 
measuring their relative rates of oxidation in admixture with sludge. 

Several series of experiments were made with sewage in admixture with sludge 
previously saturated with crude sewage, with a view to ascertaining the effect on the 
activity of the sludges of mixing them for a short time with large volumes of crude 
sewage without aeration. In general, the results showed the detrimental effect of this 
mixing procedure, though they also indicated that when the mixture was shaken with 
air, the oxidizing activity of the sludge was increased. 

Attempts have been made to alter the activity of sewage sludges by aerating them 
for several weeks with special substrates instead of sewage, including glucose, tryptic 
digest (amino acids with a trace of sugar) and ammonium salts. From the results it 
is shown that a Seitz-filtered sewage was more rapidly oxidized in the presence of normal 
activated sewage sludge than with any of the three special sludges, though further ex- 
periments also showed that it is possible to modify the activity of a sludge so that it 
oxidizes one substrate more readily than another. 

Colloids in Sewage—From the results of previous studies, it had been concluded 
that most of the dispersed matter in sewage is relatively coarse and can be separated 
by sedimentation or centrifuging; only a small proportion is in particles of sizes of the 
order of true colloidal sols. Experiments indicated that the dispersate has a_ small 
negative electrical charge at pH 6 and a slight positive charge at pH 2, an isoelectrie 
region being between these two pH values. 

Experiments were made on the effect of passing bubbles of air, oxygen, hydrogen 
and nitrogen through sewage, on the coagulation of dispersed matter. The results 
showed that all four gases had an appreciable effect, which was about the same for each 
gas. By allowing the sewage to stand undisturbed at 25° C., some flocculation resulted, 
but much less than with bubbles of gas. These experiments have been continued at 
temperatures ranging from 0° to 80° C., ineluding tests of the effect of mechanical 
agitation and of quiescent conditions, with air eontaet excluded. Coagulation was rela- 
tively slight at 0° and 10° C., but increased with temperatures up to 80° C. The results 
at 80° C., in comparison with those at 37° and 25° C., tentatively suggest that the coagu- 
lation with bubbles was caused primarily by physical and chemical rather than biological 
action. If the action is largely physical, the question arises whether coagulation is en- 
couraged on the surfaces of the bubbles, or whether the bubbles act mainly by stirring 
the sewage. The results with mechanical stirring alone show that a considerable amount 
of coagulation was produced mechanically by agitation, though not so effectively as with 
gas bubbles. Further experiments are being made to determine whether more vigorous 
agitation will produce increased flocculation. 

River Mersey Investigation.—Progress has been made in the investigation of the 
effects of sewage in the River Mersey estuary on the amount and nature of. solids 
deposited in the estuary. Estimates of the concentration of sewage, which amounts to 
about 40 m.g.d., have been made by two methods; one based on examinations of the 
estuary water for changes in salinity at various points and the other on the results ot 
analyses for the relative concentrations of soluble carbon in the sewage and in the sea 
and estuary waters. A survey has been made of the sources of clay and mud deposited 
in the estuary. Experiments have been carried out on the rates of sedimentation, in 
glass cylinders and specially designed tanks, of suspensions of mud and elay in sea, 
tap and estuary waters and in mixtures of sea and tap waters. In many experiments, 
sewage was added to these mixtures to determine its effect on rates of sedimentation. 
Other experiments are in progress to determine the relative resistances of different 
samples of mud to erosion by currents of water. 

Gas Works Effluents—A committee of the Institution of Gas Engineers has issued 
a fourth report describing further laboratory experiments on the biological oxidation 
of sewage to which definite proportions of gas works liquors have been added. The 
sewage and mixtures were treated in percolating filters and by the activated sludge 
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process, the filters being built up in several sections to facilitate observing the progress 
of purification. The results have indicated that apparently some constituents of gas 
liquors, other than phenol, catechol, thiosulphate and thiocyanate are not readily oxi- 
dized in the biological processes. Phenol is readily oxidized, but thiocyanate ean be 
oxidized only when the purification media have become adapted to this substance. 
The experiments with percolating filters led to the conclusion that most of the 
constituents of gas works liquors are oxidized in the first sections of the filters, in which 
the most rapid oxidation of sewage also occurs. With the activated sludge process, the 
oxidation of gas liquors appears to be delayed until a proportion of the sewage has been 
oxidized. These conclusions are only tentative until the results can be tested by larger 
seale observations under conditions of operation at a sewage disposal works. 
H. W. STREETER 





RECENT DEVELOPMENTS IN SEWAGE TREATMENT AND 
DISPOSAL AT THE LONDON COUNTY COUNCIL WORKS 


By J. H. Coste 


Paper presented at meeting of the Royal Sanitary Institute, London, England, January 14, 
1936, and abstracted in The Surveyor, 89, 75-77 (January 17, 1936). 


In 1928 the local authorities inaugurated a policy of testing the applicability of 
the activated sludge process to the treatment of London sewage and such experiments 
have been in progress since that time. The present paper discusses the most recent 
observations on the experimental unit designed to treat from 5 to 10 m.g.d. of sedimented 
effluent. 

The experimental unit is of the Haworth type. The aeration channels are in two 
compartments, one above the other, have a total length of 6,400 ft., and are 6 ft. wide 
and 5 ft. deep, with a capacity of 186,000 eu. ft. Paddles at each end of the 11 channels 
cireulate the liquid through the 66 compartments. The settled influent with about 150 
p.p.m. of suspended solids is mixed with about 10 per cent of reactivated return sludge 
at the entry of the aeration channels. A small portion of the aerated sewage sludge 
mixture flows back from the 66th to the first compartment, but most of it goes to the six 
settling tanks arranged in parallel, three of which are pyramidal, 54 ft. square and 29 
ft. deep and three are 60 ft. square and 9 ft. deep. The supernatant from these tanks 
is discharged to the river and the sludge is pumped to four reaeration channels each 15 
ft. deep and 30 ft. long, where it is reconditioned by air diffusion through porous tiles. 
It is not considered necessary to produce a highly purified effluent but a stable one. 

Results Obtained.—Since July, 1932, when routine operating conditions were es- 
tablished, 10 m.g.d. of sewage have been treated with 10 per cent of sludge, using an 
average of between 0.5 and 0.6 eu. ft. of air per gallon, almost entirely for reaeration. 
No operating troubles have been experienced and no bulking of sludge has occurred. 
The produetion of sludge, 10 m.g. per year, has amounted to about a day’s flow of 
sewage per year. Although higher proportions of sludge gave better effluents, the 
greatest total effect was obtained with about 10 per cent. The small proportion of 
sludge wasted is ascribed to effective reaeration or rapid oxidation of organic matter 
in the “ elarification stage.” 

The degree of purification effected has been considerable and with only very ocea- 
sional and short periods of intensive sludge regeneration. It was found that the fil- 
trate from a mixture of sewage and activated sludge absorbed less oxygen from per- 
manganate than the amount ealeulated from the oxygen demand of the filtrates of the 
constituent liquors mixed in the same proportions. This “immediate” oxidation effect 
was confirmed by tests of the sewage sludge mixture at various stages throughout the 
channel system. It was found that with 7144 m.g.d. sewage flow the progressive samples 
showed a regular decrease in B.O.D. and in oxygen absorbed from permanganate until 
at about the 55th compartment no further oxidation occurred. With the 10 m.g.d. rate, 
a similar but less rapid decrease occurred and the latter compartments were doing more 
useful work than with the smaller amount. The author believes that reaeration of the 
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settled sludge is more effective than complete aeration of the sewage-sludge mixture, 
The two-tier plant has been most satisfactory and five additional units of very similar 
design are now under construction. 

Experiments on Sludge Digestion—Although sea disposal of sludge has been 
satisfactory, digestion experiments have been conducted with a view to reducing the 
volume to be so disposed of as well as to recover fuel gas. An experimental digester 
of 25,000 gallons capacity and provided with agitation, heating and gas collection equip- 
ment has been constructed. From a total of 233,000 lbs. of dry organic matter (deter- 
mined by loss on ignition), 205,000 Ibs. of gas were obtained or 14 oz. of gas per lb. of 
organic matter. Digestion was more rapid at higher temperatures and the fat content 
was reduced to about one third the original amount. 

Emergency Treatment of Sewage During Dry Summer Weather.—To control odors 
near the London sewer outfalls in the summer months, use of ferrie salts has given promis- 
ing results. It is proposed to vary or omit this treatment according to the fresh water 
flow and oxygen content of the receiving stream. The manufacture of ferric chloride 
at the site by a continuous process of chlorination of ferrous sulphate has been demon- 
strated to be practical after considerable experimentation. The plant consists of: 


(a) an apparatus for making a solution of chlorine gas in a large exeess of water, 

(b) a rotary mill in which a solution of ferrous sulphate in water is made, 

(c) a mixing and reaction chamber into which the chlorine and ferrous sulphate are 
introduced. 


The author considers that greatest promise of further improvement in river pol- 
lution by London sewage is “in the direction of increasing the efficiency of the pre- 
liminary operations of sedimentation and coagulation of crude sewage which has re- 
ceived treatment which will prevent it becoming septic before it reaches the outfalls.” 

J. K. Hoskins 


BIRMINGHAM TAME AND REA DISTRICT DRAINAGE BOARD 
TWENTY-FIRST ANNUAL REPORT, 1934-5 


The district serves a population of 1,200,000 and has an average dry weather flow 
of 41,700,000 Imp. gals. per day. In October, 1934, the Coleshill Sewage Works was 
opened. The present plant when completed will serve a population of 67,000 and will 
have cost £150,000. The site is large enough for five such units. It is expected that 
the second unit will be required within a short time and the power house and compressor 
house have been built sufficiently large to accommodate the equipment for two such 
units. The pump houses at the storm water tanks and sludge drying area are large 
enough for the ultimate plant of five units. 

At the Minworth Works pumps and mains have been installed to give a portion of 
the sewage double treatment on the bacteria beds. At present seven acres for the beds 
are being equipped with mechanical distributors in place of fixed spray nozzles and twelve 
additional settling tanks are being provided. 

The total cost of treatment per rated tenement, including interest and repayment 
of bonded indebtedness, has been reduced from 14 shillings 814 pence in 1922-23, to 12 
shillings 2 pence in 1935-36. 

R. 8S. SuirH 


EXPERIMENTS WITH MODEL TANKS 
By W. CLirrorD AND M. E. WINDRIDGE 


Presented at a meeting of the Midland Branch, Birmingham, March 9, 1935. Journal 
and Proceedings of The Institute of Sewage Purification, Part I, 1935, pp. 136-150. 


This study had for its object the finding of a method for comparing the effect of 
shape and capacity of tank upon the rate of settlement of suspended solids. To avoia 
the difficulties of observations on full seale tanks, use was made of model tanks, employ- 
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ing the relationship between such models and their full scale prototypes as worked out 
by others, namely, that the retention periods vary as the square root of the lineal 


dimensions. 
The experimental tank was made to 1/50 of the scale of the Wolverhampton tanks 





and hence the retention period was assumed to be 1/\/50 or 1/7 that of the large tank. 
All liquids were fed to the model at a constant head in any experiment to maintain a 
constant flowing-through time. Preliminary determinations of this rate of flow were 
made by adding a weak salt solution continuously to the inflowing liquid until the con- 
centration of salt in the effluent was the same as in the influent. Two distinet and 
typical kinds of curves were thus obtained—one a steadily rising one indicating con- 
siderable mixing, obtained with high inlet velocities (narrow inlets) or low nominal 
retention periods; the other an S-shaped curve, indicating less general disturbance, 
resulting from low inlet velocities and high nominal retention periods. The nature of 
such eurves, therefore, was of service in indicating the extent of mixing caused by vari- 
ous types of inlets. From these experiments, the following conclusions were drawn: 

“ (1) That the physical characteristics, particularly the density, of the liquid pass- 
ing through a tank, and their changes have a preponderating influence on the manner 
of flow of a liquid through a tank. 

“ (2) That, other things being equal, settlement will probably be the greater, the 
less the velocity of the liquid at the point of entry into the tank. 

“(3) That increased velocity of flow in the tank consequent upon a reduction in 
the nominal retention period will probably cause a considerable decrease in the amount 
of settlement, even with a well-designed inlet. 

“(4) That the methods of experiment so far used are not capable of exact corre- 
lation with the behavior of suspended matter under practical conditions.” 

Suspended Matter Experiments.—Precipitated chalk was used to determine the 
extent of settling out of suspended material under different conditions of flow, because it 
settles out of suspension in water in much the same manner as sewage solids and can be 
easily separated and weighed. Although direct percentage removal is the simplest form 
of expression for the results, it is not the best because a standard of reference is required 
to which all samples may be referred. The Steurnagel method was adopted, based on 
the principle of settling, under quiescent conditions, a similar sample to that used in the 
tank and comparing these results. 

For the quiescent settling vessel, a 500 ml. cylinder was used, giving a column of 
liquid about 25 em. by 4.5 em. diameter, and the top 100 ml. of liquid was arbitrarily 
employed for determination of the degree of settling effected. Furthermore, because 
the concentration of the suspended matter has a marked effect on the rate of settlement, 
as shown by an illustrative graph, the liquid in the eylinder was kept as near as possible 
identical with that treated in the experimental tank. With these precautions, the effi- 
ciency of sedimentation of the tank was obtained from the ratio:— Amount of solids 
removed in the tank, divided by the amount of solids removed by quiescence in time 
equal to the nominal retention period. The principal results obtained thus far are 
presented in the following table: 
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Conclusions—* (1) That at high retention periods (14 hours) good settlement may 
be obtained irrespective of the nature of the inlet, the minimum efficiency so far ob- 
tained at this rate of flow being 89 per cent. Of course, the effects of other cireun- 
stances, for example, septic action, are not being considered. 

“(2) That with simple pipe inlets the efficiency drops off rapidly as the size of 
the inlet or the nominal retention period is reduced. This is entirely in agreement with 
the conclusions suggested by the salt curve experiments. 

“ (3) That an eddy bucket placed over a pipe inlet produces a very distinet im- 
provement in the efficiency. This agrees with the idea previously put forward, that 
rapid dissipation of the kinetic energy of the inflowing liquid is necessary if good 
settlement is to be obtained. We may explain that the term ‘standard eddy bucket’ 
used in the table refers to an eddy bucket of which the dimensions with reference to the 
diameter (d) of the inlet pipe are—diameter of bucket 214% d and depth 5 d. These 
dimensions are the same as have been adopted in practice for vertical flow tanks. We 
hope to investigate further the effect of the size and position of eddy buckets in hori- 
zontal flow tanks. 

“ (4) Three 14-in. inlets may be taken as quite a large inlet area for a tank of this 
size, according to common practice. The results show that this area may be consid 
erably increased with advantage especially if retention periods of seven hours or less 
are to be dealt with. 

“ (5) It will be noted that certain of the figures in the first column of the table are 
anomalous, there being a jump in the efficiency for 1 hour 10 minutes retention as com- 
pared with 2 hours 20 minutes. The reason for this is not clear, but the accuracy of 
measurement at such a low retention period (10 minutes for the model) is not as high 
as for longer periods.” 

Discussion—F ollowing the presentation of the paper by Mr. Windridge, the co- 
author, Mr. Clifford, in added remarks emphasized the complication of factors that 
influence sedimentation efficiency in any tank. Among these are local eddies and mass 
movements, the energy of motion of the influent water which must be dissipated, the 
varying amount of suspended matter in the influent and temperature changes. 

J. K. Hoskins 


DISTILLERY WASTE AND ITS EFFECT ON THE TREATMENT 
OF SEWAGE AT STOCKPORT 


By A. R. Warp 


Journal and Proceedings, Institute of Sewage Purification, Part 1, 1935, pp. 199-204 


This paper, presented at a meeting of the N. W. Branch of the Institute of 
Sewage Purification, April 5, 1935, is interesting if for no other reason in that i 
records a ease in which the difficulties of treating a trade waste by the muncipal plant 
forced the industry to abandon its location for one along the coast where the trade 
effluents could be discharged into estuarial waters. 

This particular waste is the dealeoholized wort from the manufacture of alcohol 
from erude molasses by acid fermentation. The molasses, a by-product in the manu 
facture of sugar, is dissolved in water and acidified to 0.03 normal to form simpler 
fermentable sugars. After a definite time the liquor is further diluted, and yeast added 
in the proportion of 1 ewt. to each 3000 gallons. 

The spent wort is discharged during distillation and contains proteins, potash, yeas! 
cells and sulphuric acid. An analysis of the residue after evaporation indicates that it 
might be of considerable value as a fertilizer. 
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Other by-products of the industry include acetaldehyde and fusel oil, approxi 
mately one part of the latter being obtained for every 1000 parts of ethyl aleohol. 
Typical analyses of samples of the waste taken from the equalizing tank are, in p.p.m., 
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* B.O.D.—approximately 60 per cent of these figures. 


The difficulties created by this waste in the municipal treatment plant were first 
appreciated when the process was changed from inefficient chemical precipitation and 
land disposal to the bio-aeration method. Following experimental evidence of im- 
pending trouble, the industry was required to equalize the flow of its trade effluent in 
such a way that the 194,000 gallons per week was discharged in proportion to the 
sewage flow. Even with this distribution, it is estimated that, on an oxygen demand 
basis, this quantity is equivalent to the sewage from 128,000 people. Other analytical 
data are given to show the preponderating affect of this particular waste when added 
io the municipal sewage. 

Numerous efforts were made to partially treat the waste at the plant. No known 
precipitant had any effect without dilution to at least six times the bulk. Chlorine had 
little effeet, and “ Actibon” soon weakened in its activity. Moreover, aluminoferrie 
added in the bioaeration units produced disastrous results due to the reduction of 
sulphates to sulphides. Chemical experts could suggest no method by which these 
wastes liquors could be made more amenable to treatment and an enormous additional 
expense was involved in enlarging the municipal works. Ultimately, after all possible 
corrective procedures had been explored and found impracticable, and after other inland 
towns had denied it access to sewers, the industry abandoned its plant and relocated on 
the seacoast. Since that time the tank effluent at the municipal treatment plant is only 
half the strengh it was previously and odors are absent. 

The author considers that exclusion of this waste from the sewer system was 
entirely justified and that the town took the only course available. He presents evi- 
dence to show that any other biological scheme of treatment would have been equally 
adversely affected and would have neeessitated similar action. 

J. K. Hoskins 





RIVER POLLUTION BY TRADE EFFLUENTS 
By Dr. A. PARKER 


Lecture before the Bristol (England) and South Western Counties Sections of the Society 
of Chemieal Industry and abstracted in The Surveyor, 88, 681 (December 13, 1935). 


Pollution equivalents of industrial wastes and studies of sewage treatment and 
(lisposal methods by the British Department of Scientifie and Industrial Research are 
reviewed by the author. 

The average sized beet sugar factory discharges 3 to 4 m.g.d. of waste water with 
i polluting effect equivalent to that of several hundred thousand people. The total 
British sugar industry wastes are equivalent to the sewage from a population of 
several millions or nearly as much as the sewage from London. The wash waters from 
a milk collecting and distributing depot handling 10,000 gallons of milk daily eon- 
tribute pollution equivalent to 1000 people, or for Great Britain the equivalent of 
400,000 persons. 
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Research of the Water Pollution Research Board indicates that creamery wastes 
can be purified satisfactorily by ordinary oxidation processes and that, following simple 
preliminary treatment, beet sugar factory wastes can be reused, or if necessary be 
effectively purified on sprinkling filters. 

Increasing populations, more intensive and changing uses of water in industry and 
agriculture are increasing the work of sewage disposal and the demand for water sup- 
plies of good chemical and bacteriological quality. Treatment methods for domestic 
sewage are available, though expensive, and can doubtless be improved by systematic 
scientific investigation, especially economical disposal of sewage sludge. Much work 
is ahead in developing satisfactory procedures for recovery of useful by-products and 
for the treatment of the varied industrial wastes resulting from new manufacturiny 
processes. 

J. K. Hoskins 





LEIPZIG MEETING, DEUTSCHEN GESELLSCHAFT FUR 
BAUWESEN AND VEREIN DEUTSCHER CHEMIKER, 
APRIL 13, 1935 


Reviewed by Dr.-Ing. HetmMann 
Gesundh.-Ing., 58, 190, 1935 


UTILIZATION OF DOMESTIC SEWAGE AND INDUSTRIAL 
WASTES BY BROAD IRRIGATION 


3y COUNCILLOR KREUZ 


The use of sewage for agricultural purposes is of great assistance in producing 
foodstuffs high in protein, which Germany needs. According to Priiss the largest part 
of the constituents of sewage valuable for fertilizing purposes—52 per cent of the phos- 
phorie acid, 75 per cent of the nitrogen and 80 per cent of the potassium—remains in 
the sewage after the removal of the solids by settling. Sewage should be purified on 
land when possible. 

Sewage contains 





.16 lbs. phosphoric acid per 1000 gallons or 1.6 lbs. per capita per year 
.64 Ibs. nitrogen per 1000 gallons or 6.4 lbs. per capita per year 
.48 Ibs. potassium per 1000 gallons or 4.8 lbs. per capita per year. 

Only 50 per cent of the nitrogen is available for plant use so that the ratio of 
these substances is 1:2:3. Although formerly 1:2 was considered the best ratio of 
nitrogen to phosphoric acid, recent experiments have shown that the proportion of 
nitrogen should be higher so that the ratio of the fertilizing constituents in sewage is 
not far from optimum. 

In order to produce the maximum yield of agricultural products the sewage from 
as many as 80 inhabitants can be distributed on an aere, if the grass is eut three or 
four times, the pasture well stocked and the sewage evenly distributed over the year. 
Undoubtedly the fertilizing constituents can be used to greatest advantage when the 
sewage is artificially sprinkled but this method has the highest operating cost and 
requires the largest amount of land. 

In ordinary broad irrigation, land is divided into areas about 1.25 acres in size. 
This type of irrigation has several disadvantages: too much of the land is used for 
roads, dikes and ditches; the use of agricultural machinery is difficult; smoothing of the 
surface is expensive; cultivation of cereals has not proved satisfactory; and odors dur- 
ing the summer cannot be entirely avoided. 

In another method of irrigation the water is held on plots of land 6 to 30 acres in 
size by dikes about 20 inches high. These plots are covered with sewage to a depth of 
8 to 12 inches and allowed to stand from 3 to 6 days in summer and about a week in 
winter. The water remaining after that time is drained off through ditches. The dis- 
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tribution on land with at least a two per cent slope has also proved very satisfactory. 

The same principles apply in the use of both industrial wastes and domestie sewage 
for agricultural purposes. If not enough land is available the waste can be distributed 
on sloping land with treatment in fish ponds. The waste could also be treated by soil 
filtration, with agricultural use of the land in the second year, so that half the area 
would serve for sewage treatment and the other half would be used intensively for 
agricultural purposes in combination with sewage fish ponds. In general, separation of 
wastes injurious to plant life is not recommended because the treatment of injurious 
wastes alone is usually very difficult and when the injurious and non-injurious wastes 
are mixed the injurious ones become neutralized and do not harm plant life. 


THE SPRINKLING OF DOMESTIC SEWAGE AND INDUSTRIAL 
WASTE 


By Dr. GuNTHER SCHONNOPP 


Sprinkling is the best method of using sewage for agricultural purposes. An aver- 
age annual addition of 10 inches of sewage for normal agricultural operations amounts 
to 271,300 gallons per acre or the sewage from 15 to 20 persons per acre. With light 
frosts the sewage can still be sprinkled but with a heavy freeze it should be irrigated 
with pipes. By-passing is necessary only during very heavy storms. The preliminary 
treatment should be as simple as possible. Usually sereens and grit chambers are 
sufficient but occasionally simple settling tanks should be used. 


SEWAGE PURIFICATION IN FISH PONDS 
By A. SCHILLINGER 


The Munich sewage fish ponds consist of an area of about 575 aeres, of which about 
194 serve for the raising of carp, tench and trout and for the biological treatment of 
the sewage of Munich. The remainder of the area is necessary for raising the young 
fish and for holding fish over the winter. The sale of large amounts of fish in the fall 
must be avoided because of the danger of depressing the market price. In Munich the 
fish are stored and ean be supplied to the market throughout the year. Fish ponds 
require only about one-tenth the area necessary for broad irrigation and produce at 
least as good, if not a better, effluent. However, fish ponds can be used only where 
sufficient dilution water is available. Not less than three parts of pure water are necessary 
to one part of clarified sewage. The price of land must not be too high and it should be 
in such condition that the cost of preparing it for ponds will not be too great. The 
unmount of sludge depositing in the ponds is relatively small. After five-years’ opera- 
tion the sludge layer, except in the drains, was very shallow, when the ponds were 
drained. 

At ordinary temperature one acre of pond will treat the sewage from about 810 
persons. Heavier loads can be handled but not economically. The detention period 
of the sewage should be about two days and the velocity should be low enough to prevent 
the plankton from being washed out. About 400 pounds of fish can be obtained 
annually from one acre. The most favorable pH for sewage purification and for raising 
fish is between 7.2 and 8.0. 


a 


THE UTILIZATION OF SEWAGE CONTAINING OIL AND FAT 
By Dr.-Ing. A. HEILMANN 


Since Germany must import a large amount of fat an effort should be made to 
recover as much as possible from sewage and industrial wastes. The removal of fat 
from sewage eliminates the clogging of pipes, improves the sludge as fertilizer and 
decreases the load on rivers. Since the installation of about 1000 grease traps in 
Cologne, Duisburg, Wuppertal and Diisseldorf, about 33 millions pounds of grease have 
been obtained and 23.1 million pounds of soap have been produced. Industrial wastes 
from wool scouring plants, margarine industries and slaughter houses are particularly 
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high in fats. A large amount of raw fat can be obtained from sewage but the problems 
of recovery cost and utilization have not been worked out. 


THE UTILIZATION OF WASTES FROM SUGAR, STARCH, CELLU- 
LOSE, PAPER, TEXTILE AND BREWING INDUSTRIES 


By Pror. Dr. H. Haupt 


The lanolin and suint salts should be recovered from wool scouring wastes. Potash 
free from iron and valuable for glass manufacture may be obtained by evaporation of 
the steep and wash water and ignition of the residue. The wool fat may be recovered 
by acid or caustic potash precipitation. 

In cotton, flax and jute spinning mills, better efficiency can often be obtained by 
re-using the alkaline liquors for cooking the yarn. The total waste of the yarn bleach- 
eries can be purified by broad irrigation after mechanical clarification and aeration. 
The experiments on recovery of dyestuffs from dye wastes have not yet been successful. 

In the wheat starch industries the soluble wheat protein should be recovered, all 
substances valuable as food should be removed, the fresh gluten made into shoemakers’ 
glue and the remaining waste purified by broad irrigation. 

In breweries all solid substances such as yeast residues, spent malt and hops should 
be recovered for their food value. In rural breweries broad irrigation on meadow land 
is recommended. 

The sugar industries have recently done a great deal to improve their wastes by 
recovery processes. The sugar residues in the molasses have been concentrated, the 
fertilizer value of the sludge has been increased by treatment with lime and much of 
the heat from part of the waste has been conserved. 

The modern fibre recovery plants in the paper industry make possible the re-use 
of the fibre and kaolin in the industry itself. Recently, the small amount of aluminum 
sulphate residue has been used as an aid in coagulating the raw waste. 

Since 50 to 65 per cent of the dry weight of wood is dissolved in the eook-liquor 
during the production of cellulose, enormous amounts of materials are lost; an eco- 
nomic development of the greatest importance will therefore come with the utilization 
of this waste product. At present, about 1.2 to 2.0 per cent of the fermentable sugars 
are converted into alcohol. 


THE UTILIZATION OF WASTES FROM TANNERIES AND 
SLAUGHTER HOUSES 


By Dr. R. VAN DER LEEDEN 


The recovery of sulphur from tannery wastes requires special equipment which can 
be operated continuously and economically only with difficulty, because of lack of space 
and operating personnel and because of the small yield of sulphur. The larger part 
of tannery wastes cannot be discharged into a stream but should be purified by broad 
irrigation. The recovery of chromium salts is profitable but it requires a change in 
operation of the tannery because considerable amounts of liquor which are usually 
handled as sewage must be clarified and filtered. Space and personnel for this are usu- 
ally not available and it ean only be decided by local conditions whether such an opera- 
tion can be carried out. 

At the Neumiinster clarification plant about 8500 cubic feet of fresh sludge with 
96 per cent moisture resulted from the common precipitation of tannery and municipal 
sewage. The sludge, which contains about two-thirds organic matter, should be in- 
cinerated because of the danger of anthrax. The sludge may be dewatered by a 
Schmidt filter which draws off the water without pressure or by centrifugal force. 

The equipment in slaughter houses is generally unsuitable for collecting blood and 
it frequently clogs the sewers, becomes septic and cannot be controlled, even with large 
amounts of chlorine. One of the most satisfactory methods of recovery is to draw the 
blood by vacuum directly from the veins of the animal. The stomach contents of cattle 
ean be used for hog food after they have been dried in a vacuum. 
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THE UTILIZATION OF SLUDGE AND OTHER VALUABLE 
MATERIALS FROM THE COAL INDUSTRIES 


By D. H. WIrGMANN 
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The wastes resulting from the production of oil and bituminous materials from coal 
always contain poisonous substances which may injure streams. It is economical to 
remove from the waste only such substances which, obtained in pure form, either have a 
definite value or those which are so easy to recover and so simple to work over that the 
cost of production is practically nil. For example, the recovery of slack from the coke 
quenching liquor permits the quenching water to be re-used. Phenol, the most poisonous 
constituent of wastes from low temperature coking and by-products plants, is present 
in such concentrations that its recovery is profitable. The consumption of phenol, which 
is always inereasing, could hardly be satisfied last year by German production. 


THE REMOVAL AND UTILIZATION OF SOLIDS FROM 
MUNICIPAL SEWAGE 


By Director MIEDER AND Dr. VIEHL 


Sereenings make good fertilizer but because of the high paper content they should 
be composted before use. With proper seeding, decomposition of the organic constitu- 
ents proceeds rapidly. Grit is valuable only if the sand is nearly free from light or- 
ganie substances. 

Fresh sludge should be digested in heated digestion tanks to make it dry rapidly 
and to destroy the seeds of weeds which are present in raw sludge. For digestion the 
sludge must be neither too dry, since it mixes with difficulty and digest poorly, nor too 
wet, for that necessitates too large digestion capacity. Digested sludge is not only a 
good fertilizer but because of its humus content is suitable for making waste land 
tillable. The high water content makes its transportation expensive and complete dry- 
ing with heat is not economical. Dry distillation or burning, with or without briquet- 
ting, has not been successful. The treatment of fresh sludge with acid, lime or iron 
for partial removal of water is also too expensive. By centrifuging, the sludge can be 
dried rapidly, but the large quantity of turbid liquor which results requires special 
treatment. 

By mixing wet, usually alkaline, fresh sludge with peat which has an acid reaction 
there results, after partial dewatering, a fertilizer called “ Biohum” which should be 
as good as rotted manure on arable soil. As “ Biohum” contains a large amount of 
humus matter it can be used to improve soils lacking in humus. 

G. P. Epwarps 





PRIMARY TREATMENT PLANT INCLUDES MAGNETITE FILTER 


By W. S. Bemis 
Engineering News-Record, 115, No. 5, December 19, 1935, pp. 852-55 


Gross pollution of the Elkhart River made partial treatment at Goshen, Indiana, 
necessary but due to the discharge of untreated wastes from cities downstream, com- 
plete treatment seemed inadvisable. The sewage treatment plant design, therefore, 
includes pumping station; 1 inch opening screen with shredder and a supplementary 
184 inch hand raked bar screen; grit remover with a proportional weir to maintain a 
constant velocity of sewage going through the chamber for all volumes of flow; 45 ft. 
diameter by 10 ft. side water depth primary settling tank with rotary sludge scrapers 
and a 6 ft. wide automatic magnetite filter; separate sludge digestion with collection of 
gas for heating the digestion tank and buildings; and sludge drying beds. 

The use of a magnetite filter gives an expected additional 25 per cent removal of 
suspended solids at a reasonable cost. The plant effluent line forms a continuation of 
the incoming intercepting sewer, the 14 ft. pumping lift caring for losses in head through 
the plant and enabling the units in the plant to be placed above high water. 

R. W. Kener 
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DOMESTIC AND PACKING-HOUSE WASTES TREATED JOINTLY 
AT CEDAR RAPIDS 


ANON. 
Engineering News-Record, 115, No. 24, December 12, 1935, pp. 803-807 


The plant receives a total flow of 6.5 m.g.d. with an average B.O.D. of 246 p-p.m. 
from a present population of 60,000. The design allows 17 per cent for increase during 
the next ten years in units easily expanded, such as clarifier and filters, while units dif- 
ficult to expand are designed for a 1970 population of 170,000. In addition to the 6.5 
m.g.d. there are 1.2 m.g.d. of packing-house wastes with an average B.O.D. of 2000 
p-p.m., which are given separate primary treatment. 

The packing-house waste is screened with 40 mesh screens and the grease removed 
at the packing plant then pumped through a 14 inch pressure line to a storage tank 70 
ft. diameter by 12 ft. deep, which balances the flow and discharges through a rate of 
flow controller to a cone and cylinder air blown grease removal unit. From there the 
waste goes to a fresh mixer where sulphuric acid is added for alkalinity control and 
ferric chloride for coagulation. Next it passes to a flocculator, then secondary clarifier, 
then to a clearwell to be pumped to the filter dosing tanks of the main plant. 

The city sewage reaches the plant through one 42 inch interceptor and two 20 inch 
cast iron siphons under Cedar River. It is first screened through a 34 in. bar screen, 
mechanically cleaned, with incineration of the screenings in a gas fired incinerator. 
The sereened sewage is then pumped through a rising well and a channel with an over- 
flow by-pass to the grit chamber which is equipped for mechanical removal and wash- 
ing of the grit. Following air agitated grease removal, the sewage flows to an octagonal 
radial flow elarifier during low flows with four straight line elarifiers in addition for 
handling larger flows. There are eight circular trickling filters, each 167 ft. in diameter, 
61% ft. deep, fed from twin dosing tanks. Variation in delivery to the beds is held to 
an average of 1.2 per cent by variation in spacing and size of orifices on the different 
clarifier arms. The eight filters are served by two pairs of final straight line clarifiers 
73 ft. long with a novel sludge removal mechanism which consists of channels east in the 
floor at 11 ft. intervals and covered by a rubber faced apron on the serapers for a short 
interval during which movement of the flight operates a quick opening valve which 
flushes the sludge into a center gallery. 

Careful attention is paid to odor control. The packing-house balancing tank 1 
washed with effluent after it empties, the detention period of the primary clarifiers can 
be shortened during low night flows and provision has been made to apply chlorine for 
controlling odors. 

All sludge is pumped to 3 digestors which are interconnected for series or paralle! 
operation, heated by engine cooling water, and one of which is covered by a 60,000 cu. 
ft. gas holder. A fourth tank is open and serves as a sludge storage tank prior to 
conditioning with ferric chloride and vacuum filtration, or drying on reserve sludge 
drying beds. An automatic 150 kw. gas engine generator furnishes power for normal 
requirements, including pumping and some excess which is metered back into the local 
utility power circuit. 

Contractors bidding on units of the work did not inelude the cost of mechanical 
equipment in their bid, as alternate bids were obtained from the various manufacturers 
for this equipment. 

R. W. Kener 


OPERATION OF YORK TOWNSHIP PLANT 
By C, CHAMBERLAIN, 
Plant Supt., Toronto, Ont. Canadian Engineer, 69, No. 16 (Oct. 15, 1935) 


The York Plant was built in 1925. It now serves 65,000 people with a D.W.F. o! 
2% m.g.d. The solids in the sewage average 500 p.p.m. 
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The plant consists of 144 inch bar grates, grit chambers, 4-hour aeration tanks, 
3-hour Dorr settling tanks, sludge reaeration channel, vacuum filters (2— 8 X 8% ft. 
FKine) and storm tanks (up to 90 ¢.f.s.). 

Average daily operating data are: air used 1.5 ¢.f. per gal., sludge return 29 per 
cent, excess sludge 35,000 gals. 2 per cent solids, ferric chloride conditioner 650 Ibs., 
filter cake 25 eu. yds. 84 per cent moisture, 14 hour filter run, grit 142 eu. yds., sereen- 
ings 1%4 eu. yds. Sludge from the storm water tanks is 25 per cent organie. 

FRANK TOLLES 





OPERATION OF KITCHENER SEWAGE DISPOSAL PLANTS 
By StraANLEy Super, City Engineer 


Canadian Enginecr, 69, No. 16 (Oct. 15, 1935) 


Kitchener has two plants. The Main Plant includes bar grates, detritor, settling 
tanks, separate sludge digestion with gas recovery and covered drying beds. The smaller 
plant is an activated sludge plant with bar grates, detritus tanks, “ Rotary Fine Sereen 
Aeration,” reaeration, clarification and lagooning of sludge. Data for each plant 
follow: 


Activated Sludge Main Plant 
2) Aes ene deg eee ERT eRe ere 1925 1930-31 
1 SRE Cen nae DED RT eS SR Ue Oe Aare Ae re Pe Eee 8 $70,000 $326,000 
MER Uae serene ae ie sorsiy Oi seule wero 1 m.g.d. 4  m.g.d. 
EM MOOMG ALO. 5 beaesetat Socio aa eas gistilgte wine 0.8 m.g.d. 3.7 m.g.d. 
Depree of treatment 6. cay oot e ene 86% oT% 
Or: reduction, O°Gay &. s.66.6.0e. 09% 92% 39% 
Operating Personnel 4c si55.. eases te 2 9 


Operating Costs 1934 


PMEIRMGT Se Lmt ort) vote hrths i otic ete srel wuneen at Orta $2,264.26 $11,115.62 
PE ee ee EOE RSE 2,514.47 463.59 
Mts. supplies, maint. and repairs ........ 982.35 2,097.96 

5,761.08 13,677.17 
OMeratine er Wi 6 Si Sendak cow hwo: 19.72 10.71 
Samibal Mer Mes 4x cas ye wht ate se 15.39 17.92 
ATiNGAI CORE DER WE. 4.05 44 es obec 39.17 28.63 


Screenings Per GAy—Wel 225 6c. ks es ee eee ease eg eee sals 1,475 Ibs. 

“1 eee i eR RR Tea Pee STR sy teen eee he 447 lbs. 

Detritor solids—per day wet «2.02.4 6.5.02 n sess cee es esses 4,000 Ibs. 

Ay ecw ita a catnse a eee nA eIeLer sts 684 Ibs. 

Clariiers-—siraGwe Per GAY 6... Gees soe Hee taal Hela wists 14,800 gals. 
(05 Fil PA eee eye ra, a POP MEd ROSIN Cera 5.8% 


FRANK TOLLES 
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NORTH TORONTO SEWAGE TREATMENT WORKS 


By GrorGE PHELPS, Engineer of Sewers, Department of Works, Toronto, Ont. 
Canadian Engineer, 69, No. 16 (Oct. 15, 1935) 


The activated Sludge plant at North Toronto has a capacity of 74% imp. gals. 
daily. ‘I'wice the D.W.F. is treated through the full process and all storm flows are 
settled. The plant includes: 


Bar grates mechanically raked. 

Grit chambers with proportional weirs. Grit is washed. 

Preliminary sedimentation tanks for two hour detention. Removal mechanism is Dorr 
equipment which is controlled automatically by telechron devices. 

Aeration tanks for six hour detention with 6 pound air applied through two rows of 
aeration plates. 

Final settling tanks for 5 hour settling and with mid-tank launders for removal of ef- 
fluent. Removal equipment is Hankin. 

Sludge digestion tanks 

Covered drying beds provided with unit heaters. 

Storm water tank which provides 5 mins. detention for max. flow. Sludge is discharged 
to the main works. 

FRANK TOLLES 
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Barnard, Archer F., 905 Edison Bldg., Los 
Angeles, Calif. 

Batty, Frederic A., Civil Engineer, 745 City 
Hall, Los Angeles, Calif. 
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Beale, Ed. W., Chief, Div. Plumbing and 
Housing, City of San Diego, 739 Fourth 
St., San Diego, Calif. 

Beard, Paul J., Civil Engineering Dept., Stan- 
ford University, Calif. 

Bell, Alexander, Pacific Coast Mgr., Wallace 
& Tiernan Co., Ine., 171 Second St., San 
Francisco, Calif. 

Benas, Benjamin, City Engineer’s Office, City 
Hall, San Francisco, Calif. 

Berkeley, City of, Berkeley, Calif. 

Beyer, A. C., Wallace & Tiernan Co., Ine., 171 
Seeond St., San Francisco, Calif. 

Bishop, H. N., City Engineer, P. O. Box 587, 
Sunnyvale, Calif. 

Blood, Chas. R., Asst. City Engineer, City 
Hall, Sacramento, Calif. 

Bowen, M. R., 733 S. Washington Ave., Whit- 
tier, Calif. 

Bowlus, Fred D., Los Angeles County Sanita- 
tion Dists., 614 Franklin St., Whittier, 
Calif. 
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Boyle, Bernard J., City Hall, Sewer Dept., 
San Francisco, Calif. 

Brookman, H. R., U. S. Lime Products Corp., 
85 Second St., San Francisco, Calif. 

Brown, E. L., Midwest Incinerator Corp., 4242 
Van Buren St., Los Angeles, Calif. 

Brown, Kenneth W., 829 North Monroe St., 
Stockton, Calif. 

Brown, Reuben, 745 City Hall, Los Angeles, 
Calif. 

Browne, A. W., 623 Palo Alto Ave., Mountain 
View, Calif. 

Buck, J. H., Street Supt., 516 Santa Barbara 
St., Santa Paula, Calif. 

Burt, Austin, City Service Manager (for City 
of Ontario), City Hall, Ontario, Calif. 

Byxbee, J. F., City Engineer, Palo Alto, Calif. 

Castello, W. O., Supt. of Sewer Dept., City 
Hall, Sacramento, Calif. 

Chamberlain, L. H., 417 South Hill St., Los 
Angeles, Calif. 


Christensen, M. L. (Mrs.), Secy. No. Palo 
Sanitary Dist., 117 Pope St., Palo Alto, 
Calif. 

Clark, Baylis, C., Sutter Creek, Calif. 

Clark, John A., 141 Bellevue Drive, San 


Leandro, Calif. 

Clay Prod. Institute of Calif., 116 New Mont- 
gomery St., San Francisco, Calif., Att: Mr. 
M. C. Poulsen. 

Cole, F. A., Salesman, Cragmor, Colo. 

Collins, A. Preston, County Surveyor’s Of 
fice, 400 Klinker Bldg., Los Angeles, Calif. 

Compton, C. R., Los Angeles County San. 
Dists., 1230 Lorain Rd., San Marino, Calif. 

Conover, M. J., Arizona Minerals Corp., 251 
So. New Hampshire 
Calif. 

Cook, Lawrence H., Chemist for Menlo Park 
Sanitary Dist., Box 607, Menlo Park, Calif. 

Cooley, E. C., Chicago Pump Co., Rialto 
Bldg., San Francisco, Calif. 

Cortelyou, H. P., 1755 West 39th St., Los 
Angeles, Calif. 

Crane, H. R., Salesman, P. & E. Mfg. Co., 
622 E. 4th St., Los Angeles, Calif. 

Crist, Marion L., 107 W. Linwood, Kansas 
City, Mo. 

Crowley, A. B., San Francisco Health Dept., 


Ave., Los Angeles, 


Civie Center, San Francisco, Calif. 
Currie, Frank S., Consulting Engineer, 219 
Andreson Bldg., San Bernardino, Calif. 

Darwin, Gil, Bovill, Idaho. 

Davids, E. M., Vice-Pres., Gladding, McBean 
Co., 2901 Los Feliz Blvd., Los Angeles, 
Calif. 

De Martini, Frank E., 637 Greenwich St., San 
Francisco, Calif. 
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Derby, Ray L., Sanitary Engineer, 207 So, 
Broadway, Los Angeles, Calif. 

Dommes, Sid F., 244 Fifth St., Richmond, 
Calif. 

Donaldson, David, 2333 N. E. 10th Ave., Port- 
land, Oregon 

Eastman, T. F., Asst. Eng. City of Oakland, 
981 Tulare Ave., Berkeley, Calif. 

Eddy, Harrison P., Statler Building, Boston, 
Mass. 

Ellinger, Morris, Assistant Engineer, Lake 
Arrowhead, Calif. 

Fairbanks, Morse & Co., 2401 Santa Fe Ave., 
Los Angeles, Calif. 

Ferguson, E. R., Sonoma State Home, Eld- 
ridge, Calif. 

Fitch, T. A., 826 Yale St., Los Angeles, Calif. 

Forester, D. M., Sanitary Engineer, U. S. 
3ureau Reclamation, All American Canal, 
Yuma, Ariz. 

Foster, Herbert B., Jr., Sanitary Engineer, 
377 Coventry Rd., Berkeley, Calif. 

Foster, William Floyd, Eng., Sewer Design, 
307 West First St., Los Angeles, Calif. 
Fraser, A. F., 1315 Second Avenue, San Fran 

cisco, Calif. 

Fresno, City of, Att: Deputy Commissioner of 
Public Works, City Hall, Fresno, Calif. 
Froehde, F. C., City Engineer and Supt. of 

Streets, City Hall, Pomona, Calif. 
Froerer, Carl, City Hall, Ventura, Calif. 
Galvin, Thos. E., Wallace & Tiernan Co., 3923 

W. 6th St., Los Angeles, Calif. 

Gascoigne, Geo. B., Sanitary Engineer, Euclid 
Ave., at East 9th St., Cleveland, Ohio. 
Gilkey, A. E., Supt. of Sewers, 322 Pleasant 

St., Roseville, Calif. 

Gillespie, C. G., Sanitary Engineer, State 

Dept., Public Health, 3093 Life Science 
3erkeley, Calif. 

Gladding, Augustus L., Gladding Bros., Man- 


Bldg., 
ufacturing Co., 3d and Keyes Sts., San 
Jose, Calif. 

Goudey, R. F., Water and Power Dept., Box 
240, Areade Annex, Los Angeles, Calif. 
Harold F., Sanitary and Hydraulic 
Engineer, 2540 Bonvenue Ave., Berkeley, 

Calif. 

Great Western-Electro Chemical Co., 9 Main 
St., San Francisco, Calif. 

Gregory, J. H., Consulting Engineer, Johns 
Hopkins University, Homewood, Baltimore, 
Md. 

Grunsky, Eugene L., Consulting Engineer, 833 
Market St., San Francisco, Calif. 

Gwynn, C. H., Street and Sewer Supt., Au- 
burn, Calif. 


Gray, 
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Hammerly, F. V., 1142 Amador St., Berkeley, 
Calif. 

Hapgood, E. P., City Hall, Anaheim, Calif. 

Harmon, Judson A., 3093 Life Sciences Bldg., 
Berkeley, Calif. 

Haseltine, T. R., 621 Irvington Rd., Topeka, 
Kans. 

Hayler, Geo. R., Asst. City Engineer, City 
Hall, San Diego, Calif. 

Henry, B. F., Chief Operator, Romona Sew- 
age Plant, P. O. Box 286, Pomona, Calif. 
Herb, Cornelius, Supt. Filtration Plant, City 

Hall, Sacramento, Calif. 

Hilton, Elton M., Natl. Park Service, Yosem- 
ite, Calif. 

Hoelsig, Harry C., City Hall, San Diego, 
Calif. 

Hitehner, A. H., Engr., Oliver United Filters, 
Inc., 351 California St., San Francisco, 
Calif. 

Hommon, H. B., U. S. Publie Health Service, 
14th Ave. and Lake St., San Francisco, 
Calif. 

Hoskinson, Carl M., Chief Engineer—Water 
Works, City Hall, Sacramento, Calif. 

Hyde, Charles Gilman, Prof. in San. Engr., 
Univ. of California, 11 Engineering Bldg., 
Berkeley, Calif. 

Ikeda, T., Director and Chief Engineer, 
Water and Sewage Board of Nagoya Mu- 
nicipality, Nagoya, Japan. 

Ingram, Wm. T., 1111 College Avenue, Stock- 
ton, Calif. 


Jack, Delbert E., 244 Ninth St., San Fran- 


cisco, Calif. 


Jacobson, John, Supt. of Construction, U.C. 


Farm, Davis, Calif. 


Jenks, Harry N., 2701 Benvenue Ave., Berke- 


ley, Calif. 


Jewell, H. W., Engineer, Box 145, Station A, 


Los Angeles, Calif. 
Jewett, Herbert A., 
Glendale, Calif, 


‘ 


27 W. Arden Ave., 


Jones, Thos., Sanitarian Health Dept., P. O. 


Box 3875, Riverside, Calif. 

Kelly, Earl M., Engineer, The Dorr Company, 
108 West 6th St., Los Angeles, Calif. 

Kempkey, A., Consulting Engineer, 1218 Ho- 
bart Bldg., San Francisco, Calif. 

Kennedy, C. C., Consulting Engineer, 543 Call 
Bldg., San Francisco, Calif. 

Keville, Frank, Room 367, City Hall, San 
Francisco, Calif. 

Kimball, Jack H., 120 Lorton Ave., Bur- 
lingame, Calif. 

Kivari, A, M., The Dorr Company, 108 W. 
6th St., Los Angeles, Calif. 
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Kjellberg, G., Supt. of Sewers, 4411 Roubi- 
doux, Riverside, Calif. 

Knoedler, H. A., 447 Sutter St., San Fran- 
cisco, Calif. 

Knowlton, W. T., Room 745, City Hall, Los 
Angeles, Calif. 

Koebig & Koebig, Consulting Engineers, 458 
So. Spring St., Los Angeles, Calif. 

Kressly, Paul E., Consulting Engineer, 1780 
Ramiro Road, San Marino, Calif. 

Langelier, W. F., Assoc. Prof. in San. Engr., 
Civil Eng. Lab. Bldg., Berkeley, Calif. 

Lawton, R. W., Consulting Engineer, 137 No. 
Van Ness, Los Angeles, Calif. 

Lee, Charles H., Cons. Hydraulic Engineer, 58 
Sutter St., San Francisco, Calif. 

Linton, Robert, 605 Edison Bldg., Los An- 
geles, Calif. 

Los Angeles Public Library, Municipal Ref- 
erence Library, 300 City Hall, Los Angeles, 
Calif. 

Los Angeles Public Library, Serials Division, 
530 So. Hope St., Los Angeles, Calif. 

Loucks, R. L., 3472 Elmwood Court, River- 
side, Calif. 

Luippold, G. T., Wallace & Tiernan Co., 3923 
West 6th St., Los Angeles, Calif. 

McCullough, Jay W., 215 Majestic Bldg., 
Denver, Colo. 

MeMillan, Donald C., City Engineer, 1993 
Poli St., Ventura, Calif. 

Maghetti, Vincent, Foreman, Sewage Disposal 
Plant, 619 Riker St., Salinas, Calif. 

Mahoney, H. C., Operator, Sewage Disp. 
Plant, Pismo Beach, Calif. 

Marx, Charles D., Box 1091, Stanford Univ., 
Calif. 

Mieldazis, J. J., 282 N. Aliso St., Ventura, 
Calif. 

Miick, Fred. E., Engineer, Link-Belt Com- 
pany, 361 So. Anderson St., Los Angeles, 
Calif, 

Mittelstaedt, R. E., Manager of Water Dept., 
City Hall, Sacramento, Calif. 

Molitor, Paul, Supt. Madison Chatham Sew- 
age Treatment Plant, 4 Willow St., Chat- 
ham, N. J. 

Morrison, C. B., L. A. Bureau of Engineer- 
ing, 355 W. Patterson Ave., Glendale, 
Calif, 

Morse, 8. M., City Engineer of Mesa, Morse 
Engineering Co., Drew Bldg., Mesa, Ariz. 

Munson, Laura A., Mrs., 1166 Oxford St., 
Berkeley, Calif. 

Ojai, City of, Ojai, Calif. 

Oliver United Filters, 351 California St., San 
Francisco, Calif. 
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Olsen, Louis, City Health Officer, Palo Alto, 
Calif. 

Pacifie Lumber Co., 100 Bush St., San Fran- 
cisco, Calif. 

Palmer, Harold K., 1415 Ocean Front, Santa 
Monica, Calif. 

Parsons, F. W., 330 West Maple St., Glen- 
dale, Calif. 

Phelps, B. D., Civil Engineer, City Hall, 5th 
and G Sts., San Diego, Calif. 

Phelps, Tracy I., Engineer, Los Angeles Co., 
Surveyor’s Office, 400 Klinker Bldg., Los 
Angeles, Calif. 

Pierce, C. L., 1925 Euclid Ave., San Marino, 
Calif. 

Pomeroy, Richard, Chemist, L, A. County 
Sanitation Dists., 25421 President St., 
Harbor City, Calif. 

Popp, W. L., City Engineer, City Hall, San 
Jose, Calif. 

Ramseier, Roy E., 2628 Durant Ave., Berke- 
ley, Calif. 

Ranagan, Fred E., 832 W. Sth St., Los 
Angeles, Calif. 

tawn, A. M., Los Angeles County Sanitation 
Dists., 139 No. Broawday, Los Angeles, 
Calif. 

Reed, Geo. W., ¢/o The National Park Serv- 
ice, 409 Underwood Bldg., San Francisco, 
Calif. 

Reinke, Edward A., State Dept. of Public 
Health, 3093 Life Sciences Bldg., Berkeley, 
Calif. 

Reynolds, Leon B., Box 3004, Stanford Uni 
versity, Palo Alto, Calif. 

Ribal, Raymond Robt., 701 City Hall, Oak- 
land, Calif. 

Roberts, W. C., 543 Call Building, San Fran 
cisco, Calif. 

Robinson, W. S., Box 41, Lomita, Calif. 

Sanchis, Jos. M., Sanitary Eng., 2640 Somer- 
set Drive, Los Angeles, Calif. 

Segel, A., Civil Engineer, Cory Building, 
Fresno, Calif. 

Shearer, A. B., San Anselmo, Calif. 

Sherman, W. R., Box 102, Newman, Calif. 

Shook, H. E., Great Western Electro Chem- 
ieal Co., 9 Main St., San Francisco, Calif. 

Skinner, John F., Consulting Sanitary Engi- 
neer, 3333 West 4th St., Los Angeles, 
Calif. 

Skinner, W. V., Sewage Disposal Plant 
Operator, Box 22, Escondido, Calif. 

Smith, Alva J., Consulting Engineer, 810 
30ylston St., Pasadena, Calif. 

Smith, C. A., Cons. Engineer, 300 Carmen’s 

Bldg., 107 West Linwood Blvd., Kansas 

City, Mo. 








Smith, H. G., Eng. of Sewer Design, City of 
Los Angeles, 745 City Hall, Los Angeles, 
Calif. 

Smith, J. F., Great Western Electro-Chemical 
Co., 9 Main St., San Francisco, Calif. 

Sparling, H. T., Jr. C. E. Draftsman, County 
Surveyor, Klinker Bldg., Los Angeles, 
Calif. 

Stevenson, Ralph A., 641 Gibbons St., Los 
Angeles, Calif. 

Steward, O. E. (Deceased), Maint. Eng., 
Orange Co. Outfall Sewer, 321 N. Phila- 
delphia St., Anaheim, Calif. 

Stites, H. I., City Engineer, City Hall, Bur- 
bank, Calif. 

Strayer, Elmer C., Civil Engineer, 204 S. 
Olive Ave., Alhambra, Calif. 

Stuart, Archer B., City Engineer, Healds 
burg, Calif. 

Studley, E. G., 4829 Fourth Ave., Los An- 
geles, Calif. 

Sullivan, George L., City Engineer, Santa 
Clara, Calif. 

Tegtmeyer, L. G., Asst. Engineer, 368 City 
Hall, San Francisco, Calif. 

Tennant, Carl F., 216 Park Ave., Apt. ‘‘A,’’ 
Long Beach, Calif. 

Thomas, Franklin, Prof. of Civil Engineer 
ing, Calif. Inst. of Technology, Pasadena, 
Calif. 

Tucker, O. H., Box 516, Morgan Hill, Calif. 

Twisselman, C., Sewage Plant Operator, P. O. 
Box 472, Salinas, Calif. 

University of California Library, Berkeley, 
Calif. 

University of Southern Calif., University 
Park, Los Angeles, Calif. 

Vaughan, E. A., Manager Light and Water, 
City Hall, Lompoc, Calif. 

Waggoner, E. R., Box 145, Station A, Los 
Angeles, Calif. 

Wakeman, C. M., Los Angeles, Harbor Dept., 
Wilmington, Calif. 

Walters, Grover L., In charge Sewer and 
Water Dept., City Hall, Fullerton, Calif. 
Warren, A. K., Chief Engineer, Los Angeles 
County San. Dists., 129 No. Broadway, Los 

Angeles, Calif. 

Watkins, H. H., Cleaves Bldg., Auckland, 
New Zealand 

Weppener, C. J., Supt. of Sewers, City Hall, 
Gilroy, Calif. 

Wesseler, M. J., Asst. Engineer, City Hall, 
Pasadena, Calif. 

West, F. A., Engineer, South Disposal Plant, 
422 E. Jackson St., Stockton, Calif. 

Western City, 448 So. Hill, Los Angeles, 
Calif, 
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Western Construction News, 114 Sansome S8t., 
San Francisco, Calif. 

Whitehead, Richard S., c/o A. C. Thorson, 
U. S. Coast and Geodetic Survey Customs 
House, San Francisco, Calif. 

Williams, O. J., 745 Bryant Street, San Fran- 
cisco, Calif. 

Wilson, T. C., 4608 West Ave. 41, Los Angeles, 
Calif, 
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Wintersgill, A. T., Box 145, Station A, Los 
Angeles, Calif. 

Wyman, Alfred W., Plant Supt., 419 S. 
Meredith Ave., Pasadena, Calif. 

Young, John T., 826 Yale St., Los Angeles, 
Calif, 

Zuckweiler, G. C., Chief Sanitary Inspector, 
3735 Ray St., San Diego, Calif. 


Central States Sewage Works Association 


Mr. Gus H. Radebaugh, Secretary-Treasurer, 500 N. Oak Street, Urbana, Ill. 


Adams, Chas. L., 202 Elks Bldg., Joliet, Ill. 

Anderson, Norval E., Civil Engineer, San. 
Dist. of Chicago, 618 Catherine Ave., La- 
Grange, Ill. 

Arbogast, Joseph, Naperville, Ill. 

Babbitt, H. E., Sanitary Engineer, 204 Engi- 
neering Hall, University of Illinois, Urbana, 
Ill. 

Bachmann, Frank, Mgr., Sanitary Engineer- 
ing Div., The Dorr Co., Inc., 221 N. La- 
Salle St., Chicago, Ill. 

Baillie, E. P., Box 2042, Madison, Wise. 

Baker, C. M., 2 So. Carroll St., Madison, Wise. 

Barnett, G. R., 519 Comm. Bank Bldg., 
Peoria, Ill. 

Bass, Frederic, Civil Engineer, University of 
Minnesota, Minneapolis, Minn. 

Baylis, John R., 1643 East 86th St., Chicago, 
Il. 

seatty, E. J., State Board of Health, Madi- 
son, Wise. 

Zeaudoin, Robert E., 120 North State St., 
Beardstown, IIl. 

Beck, A. J., 4914 Mulford St., Niles Center, 
Ill. 

Berry, George A., Route 2, Box 440, Indian- 
apolis, Ind. 

Bird, K. H., ¢/o Norton Company, Worcester, 
Mass. 

Black, Hayse H., Asst. Sanitary Engineer, 
State Dept. of Public Health, Springfield, 
Tl. 

Bloodgood, Donald E., R. F. D. 3, Box 976-H, 
Indianapolis, Ind. 

Boley, Arthur L., Asst. City Engineer, City 
Hall, Sheboygan, Wise. 

Brower, James, 3021 N. 36th St., Milwaukee, 
Wise. 

Burgeson, J. H., Operator, Sewage Treatment 
Plant, 301 Anderson Blvd., Geneva, Ill. 

Bushee, Ralph J., 222 8. Ardmore Ave., Villa 
Park, Ill. 

Caldwell, H. L., Consulting Engineer, Jack- 

sonville, Tl. 


Calvert, C. K., R. R. 3, Box 976-H, Indian- 
apolis, Ind. 

Campbell, Marion Sam., Senior Bacteriologist 
and Asst. Chemist, Indiana State Div. of 
Public Health, Indianapolis, Ind. 

Carpenter, Carl B., Supt. Sewage Treatment 
Works, Bloomington, Ind. 

Chicago Pump Co., 2336 Wolfram St., Chi- 
cago, Ill. 

Consoer, Arthur W., ¢/o Consoer, Townsend, 
Older & Quinlan, 205 West Wacker Drive, 
Chicago, Ill. 

Cramer, Robert, 647 W. Virginia St., Mil- 
waukee, Wise. 

Dawson, F. M., University of Wisconsin, 
Madison, Wise. 

Deckert, Christ, Sewage Treatment Works, 
Delavan, Wise. 

Domogalla, Bernhard, St. Lab. of Hygiene, 
Madison, Wisc. 

Donchue, Jerry, P.O. Box 489, Sheboygan, 
Wise. 

Downer, Wm. J., Dept. of Public Health, 
Springfield, Ill. 

Duvall, Arndt J., 1923 University Ave., St. 
Paul, Minn. 

Edwards, Gail P., 393 Broadway, Cambridge, 
Mass. 

Erickson, Carl V., 119 Pleasant St., Oak 
Park, Il. 

Finch, R. M., 614 Flour Exchange Bldg., 
Minneapolis, Minn. 

Fisher, L. L., Department of Sanitation, 
Frankfort, Ind. 

Flickinger, Lloyd H., Civil Sanitary Engineer, 
1923 University Ave., St. Paul, Minn. 

Gail, A. L., 1015 St. Johns Ave., North Shore 
Sanitary Dist., Highland Park, Ill. 

Gerard, F. A., 242 Columbia Ave., Park 
Ridge, Il. 

Geupel, Louis A., Reviera Apts., 636 Sunset 


Ave., Evansville, Ind. 
Giesey, J. K., R.R. 5, Mount Auburn Road, 
Evansville, Ind. 
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Goodman, Arnold H., 70 Pine Ave., River- 
side, Ill. 

Greek, Edward B., Operator, Hinsdale Sani- 
tary District, 21 W. First St., Hinsdale, Il. 

Greeley, Samuel A., 6 North Michigan Ave., 
Chicago, Ill. 

Gross, Carl D., Dept. 
Springfield, Ill. 

Hansen, Paul, 6 North Michigan Ave., Chi- 
cago, Ill. 

Harris, George C., Sewage Treatment Works, 
Arlington Heights, Ill. 

Hartman, B. J., Engr., P.O. Box 489, Sheboy- 
gan, Wisc. 

Hatfield, W. D., Decatur Sanitary District, 
Decatur, Ill. 

Hathaway, A. S., Asst. Professor in Engi- 
neering, College of Engineering, North- 
western University, Evanston, Ill. 

Henn, Donald E., DeKalb Sanitary District, 
DeKalb, Il. 

Herrick, T. L., 1305 Courtland Ave., Park 
Ridge, Tl. 

Hodgin, S. W., City Civil Engineer, City 
Building, Richmond, Ind. 

Holderby, J. M., Sanitary Engineering Dept., 
State Dept. of Health, Madison, Wise. 

Hornung, E. E., Aluminum Co. of America, 
520 North Michigan Blvd., Chicago, Il. 

Howson, L. R., Suite 1401, 20 North Wacker 
Drive Bldg., Chicago, Ill. 

Hummel, Leslie C., Plant Operator, Ft. At- 
kinson, Wise. 

Hurd, Edwin C., Sanitary Engr., 344 Blue 
Ridge Road, Indianapolis, Ind. 

Hurwitz, Emanuel, 5017 Mozart St., Chicago, 
Ill. 

Jenson, Theodore B., Designing 
Minneapolis-St. Paul San. Dist., 413 Up- 
town Federal Bldg., St. Paul, Minn. 

Johnston, C. W., Pres., Activated Sludge, 
Inc., 141 West Jackson Blvd., Chicago, Ill. 

Jordan, Harry E., Box 855, Indianapolis, Ind. 

Kashihara, F., Chief Engineer, Municipal Ad- 
ministration Dept., South Manchuria Rail- 
way Co., Dairen, Manchuko, China. 

Kingston, Paul S., ¢/o Druar & Milinowski, 
500 Globe Bldg., St. Paul, Minn. 

Kinney, E. F., Sales Engineer, 5414 Broad- 
way, Indianapolis, Ind. 

Kinsey, L. B., Civil Engineer, Pekin, II. 

Kirchoffer, W. G., Vroman Block, Madison, 
Wise. 

Kivell, Wayne A., The Dorr Company, 221 N. 
La Salle St., Chicago, Ill. 

Kleiser, Paul J., Asst. Sanitary Engineer, 201 
State House Annex, Indianapolis, Ind. 
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Knechtges, O., 1110 Vilas Ave., Madison, 
Wise. 

Kolste, Arthur, Cedar Grove, Wise. 

Kraus, L. 8., 215 N. Underhill, Peoria, Ill. 

Kutz, Chas. W., Brig. Gen. U. S. Army, Re- 
tired, 2032 Allen Place, Washington, D. ©, 

Lakeside Engineering Corp., 222 West Adams 
St., Chicago, Ill. 

Larsen, Stanley J., Mechanical Engineer, 1923 
University Ave., St. Paul, Minn. 

Larson, C. C., Springfield Sanitary Dist., 
Springfield, Ill. 

Larson, Jarl E., Mech. Engineer, Minne 
apolis-St. Paul San. Dist., 413 Uptown Fed- 
eral Bldg., St. Paul, Minn. 

Leland, Benn J., Sewage Research, 1201 W. 
Clark St., Urbana, Il. 

Lentfoehr, Charles E., Plant Operator, 322 N. 
Main St., Mayville, Wise. 

Leonard, O. M., Engineer Examiner P.W.A., 
Room 413, Meyer Kiser Bank Bldg., In- 
dianapolis, Ind. 

Lewis, R. K., 3125 Guilford Ave., Indian- 
apolis, Ind. 

Lindell, O. V., San. Engineer, 439 Ward 
Parkway, Kansas City, Mo. 

Lord, Herbert O., Chief Engineer, Madison 
Metropolitan Sewerage Dist., 110 East Main 
St., Madison, Wise. 

Lovett, F. W., Link-Belt Company, 300 W. 
Pershing Road, Chicago, Ill. 

MeAnlis, Chauncey R., City Engineer, Dept. 
of Public Works, Ft. Wayne, Ind. 

McClenahan, W. J., 910 S. Michigan Ave., 
Chicago, Il. 


McDonnell, R. E., 107 N. Linwood Blvd., 
Kansas City, Mo. 
Mellvaine, Wm. D., Jr., Electrical Engr., 


Minn.-St. Paul San. Dist., 1923 University 
Ave., St. Paul, Minn. 

MeIntyre, John C., Sanitary Engineer, Sew- 
age Treatment Plant, Cedar Rapids, Iowa 

MeNear, R. B., Columbia City, Ind. 

MacKenzie, V. G., 210 North Oak Park Ave., 
Oak Park, Ill. 

Martin, George C., 708 Kellogg St., Green 
Bay, Wisc. 

Merz, H. Spencer, 3207 W. Gate Parkway, 
Rockford, Ill. 

Merz, R. C., 721 North 18th St., Milwaukee, 
Wise. 

Mick, K. L., 4215 Nicollet Ave., Minneapolis, 
Minn. 

Minneapolis-St. Paul San. Dist., 1923 Uni- 
versity Ave., St. Paul, Minn. 

Mohlman, F. W., Dr., 845 So. Wabash Ave., 
Chicago, Ill. 
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Morgan, Philip F., Chicago Pump Co., 2336 
Wolfram St., Chicago, Ill. 

Morkert, Kenneth, 908 N. Clay St., Franklin, 
Ind. 

Muegge, O. J., State Board of Health, Madi- 
son, Wise. 

National Aluminate Corp., 6216 West 66th 
Place, Chicago, Ill. 

Nichols, M. Starr, State Laboratory of Hy- 
giene, Madison, Wise. 

Nordell, Carl H., Advance Engineering Corp., 
Board of Trade Bldg., Chicago, Ill. 

Obma, Chester A., State Board of Health, 
Madison, Wisc. 

Oliver United Filters, Ine., 221 N. LaSalle 
St., Chieago, Ill. 

O’Mara, Richard, Mechanical Engr., 1319 N. 
Braneh St., Chicago, Il. 

Overleese, Dan, Works Operator, 209 S. Madi- 
son, Clinton, Il. 

Pacific Flush Tank Co., 4241 Ravenswood 
Ave., Chicago, Ill. 

Palmer, John R., 1321 Monroe St., Evanston, 
Ill. 

Pearse, Langdon, Chicago Sanitary District, 
910 South Michigan Ave., Chicago, Ill. 

Peirce, W. A., Racine Water Dept., City Hall, 
Racine, Wise. 

Peterson, Ivan C., 130 N. Wells St., Chicago, 
Il. 

Peterson, Ralph W., Calumet Sewage Treat- 
ment Works, 125th St. and Cottage Grove 
Ave., Chicago, Ill. 

Poole, B. A., Engineer, 3602 East Fall Creek 
Blvd., Indianapolis, Ind. 

Powell, J. C., Operator, Sewage Treatment 
Works, Prineeton, Tl. — 

Price, O. L., Indiana Reformatory, Pendle- 
ton, Ind. 

Quimby, Frank, Water Dept., City Hall, 
Racine, Wise. 

Rankin, R. S., Engineer, The Dorr Company, 
Inec., 221 North LaSalle St., Chicago, Ml. 
Reeve, S. P., 4706 Broadway Blvd., Kansas 

City, Mo. 

Rein, L. E., Pacific Flush Tank Co., 4241 E. 
Ravenswood Ave., Chicago, Ill. 

Remsburg, W. N., Research Engr., American 
Well Works, Aurora, Ill. 

Reybold, D. C., Engr., The Dorr Company, 
Inc., 221 N. La Salle St., Chicago, Ill. 

Rogers, Harvey G., State Dept. of Health, 
University Campus, Minneapolis, Minn. 

Romaine, Burr, 289 East 9th St., Fond du 
Lae, Wise. 

Roob, F. H., Mgr., Water and Light Dept., 
Columbus, Wise. 


FEDERATION 363 


Ruchhoft, C. C., U. S. Public Health Service, 
Third and Kilgour Sts., Cincinnati, Ohio 
Ruf, H. W., Sanitary Engineer, Hydraulic 
Laboratories, University of Wisconsin, 

Madison, Wisc. 

Sager, John C., Sanitary Engineer, Minne- 
apolis-St. Paul San. Dist., 1923 University 
Ave., St. Paul, Minn. 

Schacht, F. E., Supt. Public Works, City Hall, 
West Chicago, Ill. 

Schier, Lester C., 3047 So. Howell Ave., Apt. 
7, Milwaukee, Wisc. 

Schlenz, H. E., Pacific Flush-Tank Co., 4241 
Ravenswood Ave., Chicago, Ill. 

Schnarr, Glenn, Supt. Sewage Works, Win- 
chester, Ind. 

Schoenfeld, David M., Sales Engineer, 1930 
Bankers Bldg., Chicago, Il. 

Schroepfer, George J., Metropolitan Drain- 
age Commission, 1923 University Ave., St. 
Paul, Minn. 

Schwartz, Oswald, Street Commissioner, 
Cederburg, Wise. 

Schwob, Carl E., Dept. of Public Health, 
Springfield, Ill. 

Sleeger, Warren H., Asst. Sanitary Engineer, 
Minneapolis-St. Paul San. Dist., 1923 Uni- 
versity Ave., St. Paul, Minn. 

Smith, E. E., Elgin Sanitary District, Elgin, 
Ill. 

Smith, J. Irwin, 11127 Homewood Ave., Chi- 
eago, Tl. 

Sperry, Walter A., Aurera Sanitary District, 
P. O. Box 231, Aurora, Il. 

Stanley, Wm. E., Engr., Greeley & Hansen, 
6 North Michigan Ave., Chicago, III. 

Steindorf, R. T., Chain Belt Co., 1600 W. 
Bruce St., Milwaukee, Wis. 

Suter, Max, 401 N. Race St., Urbana, III. 

Swope, Gladys, State Board of Health, Uni- 
versity of Kansas, Lawrence, Kan. 

Taft, George H., Asst. Chemist, 1923 Uni- 
versity Ave., St. Paul, Minn. 

Townsend, Darwin W., 757 N. B’way, Mil- 
waukee, Wis. 

Turner, L. B., 113 Fulton St., Geneva, Il. 

Turpin, U. F., 8940 Lavergne Ave., Niles 
Center, Ill. 

Unger, G. C., 422 Johnson St., Deeatur, Ala. 

Van Praag, Alex, Jr., 415-418 Millikin Bldg., 
Decatur, Il. 

Walker, Donald, 419 Main St., Aurora, Ill. 

Walraven, W. B., Springfield Sanitary Dis- 
trict, Springfield, Tl. 

Ward, C. N., Meade, Ward & Hunt State 
Journal Bldg., Madison, Wis. 

Ward, Osear, 1519 Richfield St., Marshfield, 
Wis. 





364 SEWAGE WORKS JOURNAL 


Warrick, L. F., State Board of Health, 
Madison, Wis. 

Wells, E. Roy, Civil Engineering, Wells Engi- 
neering Co., Geneva, IIl. 

West, A. W., Sanitary Engineer, The Amceri- 
can Well Works, Aurora, III. 

Wheeler, C. E., Jr., Calumet Sewage Treat- 
ment Works, 125th St. and Cottage Grove 
Ave., Chieago, Til. 

Whitley, F. H., San. Engr., 113 Material 
Testing Laboratory, University of Illincis, 
Urbana, Il. 

Whittemore, L. C., Engr. Chicago Sanitary 
District, 910 S. Michigan Ave., Chicago, 
Til. 

Wilbur, C. C., Minn.-St. Paul San. Dist., 1923 
University Ave., St. Paul, Minn. 

Wileman, C. 8., Link Belt Co., 300 West 
Pershing Road, Chicago, II. 


Wiley, Ralph B., 777 Russell St., W. Lafay- 


ette, Ind. 

Williams, Clyde E., 1501 Udell St., Indian- 
apolis, Ind. 

Williams, Leon G., 573 Potomac Ave., Buf- 
falo, N. Y. 

Wilson, H. E., Bloomington-Normal Sanitary 
Dist., Bloomington, Il. 

Wilson, Harry L., Project Engineer, Minn. 
St. Paul San. Dist., 413 Uptown Federal 
Bldg., St. Paul, Minn. 

Wise, Nelson E., Project Engineer, P. O. Box 
93, Lynnville, Ind. 

Wisely, W. H., Asst. Sanitary Engineer, Stat 
Dept. of Health, Springfield, Ill. 

Woltmann, J. J., Consulting Engineer, 225 
Unity Building, Bloomington, II. 


Federal Sewage Research Association 


Mr. E. C. Sullivan, Secretary-Treasurer, U. S. Public Health Service, Third and Kilgour Sts., 
Cincinnati, Ohio 


Berry, C. Radford, 1215 North Seeond St., 
Harrisburg, Pa. 

Bibelhausen, L. A., U. S. Indian Service, 
Neopit, Wis. 

Brent, I. D., 5838 Garrison St., Washington, 
D: ©. 

Butterfield, C. T., U. S. Public Health Serv- 
ice, Third and Kilgour Sts., Cincinnati, 
Ohio. 

Carlson, H. R., Sanitary Engineering Asst., 
U. S. Public Health Service, 14th Ave. and 
Lake St., San Francisco, Calif. 

Carnahan, Charles T., Malaria Control, U. S. 
Marine Hospital, Norfolk, Va. 

Catlett, G. F., U. 8. Public Health Service, 
U. 8. Marine Hospital, New Orleans, La. 
Collins, W. D., U. S. Geological Survey, In- 

terior Bldg., Washington, D. C. 

Crohurst, Harry R., U. S. Public Health 
Service, Third and Kilgour Sts., Cincinnati, 
Ohio. 

Dixon, L. S., Box B. F. 366, Washington, 
DD: «. 

Dopmeyer, A. L., U. 8. Public Health Service, 
Office of Piague Control Measures, Board 
of Trade Bldg., Honolulu, T. H. 

Dorsey, Stanton L., 1669 Columbia, N. W., 
Washington, D. C. 

Fisher, Lawrence M., U. S. P. H. S., Room 
1732, Navy Bldg., Constitution Ave., 
Washington, D. C. 


Frank, Leslie C., U. S. Public Health Service, 
19th and Constitution Ave., N. W., Wash- 
ington, D. C. 

Fuchs, Abraham W., U. S. Publie Health 
Service, Office of Milk Investigations, 
Washington, D. C. 

Gordon, J. B., Room 309, District Bldg., 
Washington, D. C. 

Harmon, P. C., U. 8S. P. H. S., Asst. State 
Director, Community Sanitation, Anna, III. 

Herringer, E. J., c/o U. S. Marine Hosp., 
New Orleans, La. 

Hollis, M. D., Collaborating Sanitary Engr., 
U. S. P. H. 8., State Dept. of Health, Bis- 
marck, N. D. 

Hommon, H. B., The District Engineer, U. 8S. 
Public Health Service, 14th Ave. and Lake 
St., San Francisco, Calif. 

Hopkins, Omar C., U. 8S. P. H. Lab., 14th and 
Lake Sts., San Francisco, Calif. 

Hoskins, J. K., U. S. Public Health Service, 
Third and Kilgour Sts., Cincinnati, Ohio. 

Kehr, Robert W., U. S. Public Health Service, 
Third and Kilgour Sts., Cincinnati, Ohio. 

Komp, W. H. W., Box 1461, Ancon, Canal 
Zone, Panama. 

Lamoureux, V. B., U. S. Public Health Serv- 
ice, Washington, D. C. 

LeVan, J. H., Interstate Sanitary Dist. No. 
3, Suite 816, New Federal Bldg., Van 


’ 


3uren and Canal Sts., Chicago, Il. 


March, 1936 




















Vol. 8, No. 2 


McDonald, F. L., State Dept. of Health, Bis- 
marek, N. D. 

McNamee, Paul D., U. S. Public Health 
Service, Third and Kilgour Sts., Cincin- 
nati, Ohio. 

MaeDonald, David J., Turtle Mountain In- 
dian Agency, U. S. Indian Service, Bel- 
court, N. Dak. 

Matthews, E. T., 3457 Lavergne Ave., Chi- 
eago, Il. 

Miller, A. P., U. S. Public Health Service, 
Sub-Treasury Bldg., Wall, Pine and Nas- 
sau Sts., New York, N. Y. 

Moss, F. J., U. S. Public Health Service, 19th 
and Constitution Ave., N. W., Washington, 
Dw: 

Nesheim, Arnold, 22§ 
Mont. 

Nitseche, E. A., 2843 North Kilbourne Ave., 
Chicago, Ill. 

Old, H. N., U. S. P. H. S., Room 304, 210 
State St., New Orleans, La. 

Purdy, William C., E. Third and Kilgour Sts., 
Cincinnati, Ohio. 


Terry Ave., Billings, 


MEMBERS OF FEDERATION 


365 





Robertson, J. L., Jr., Apt. 109, 3945 Con- 
necticut Ave., Washington, D. C. 

Scott, Guy R., 2117 Lake St., Knoxville, Tenn. 

Shaw, Frank R., U. 8S. Public Health Service, 
New Federal Bldg., Suite 816, Chicago, Ill. 

Smith, Russell S., c/o U. 8. Public Health 
Service, E. Third and Kligour Sts., Cincin- 
nati, Ohio. 

Streeter, H. W., E. 
Cincinnati, Ohio. 

Stromquist, W. G., Tennessee Valley Author- 
ity, Knoxville, Tenn. 

Sullivan, E. C., U. S. Public Health Service, 
Third and Kilgour Sts., Cincinnati, Ohio. 
Tarbett, R. E., U. S. Public Health Service, 
19th and Constitution Ave., N.W., Wash- 

ington, D. C. 
Tate, Guy M., Jr., Tennessee Valley Author- 
ity, Wilson Dam, Ala. 

Theriault, E. J., ¢/o National Inst. of Health, 
25 and E Sts., N.W., Washington, D. C. 
Wright, Charles T., Interstate Sanitary Dist. 
No. 2, 3067 Navy Bldg., Washington, D. C. 


Third and Kilgour Sts., 


Iowa Wastes Disposal Association 


Mr. Lindon J. Murphy, Secretary-Treasurer, Iowa State College, Ames, Iowa 


Baker, Stanley, City Hall, Newton, Iowa. 
sartow, Edward, Prof., University of Iowa, 
Head, Dept. of Chem. and Chem. Eng., 
Iowa City, Iowa. 

Bentley, Henry S., 510 W. College St., Osage, 
Towa. 

3ragstead, R. E., City 
Sioux Falls, S. D. 

Caine, Richard, Supt., Duluth Sewage Dis- 
posal Plant, 706 W. 7th St., Duluth, Minn. 

Devoe, P. K., City Engineer, Creston, Iowa. 

Ellerbroek, L. P., c/o L. G. Everist, Inc., 
Sioux City, Iowa. 

Hall, M. G., Hall Engineering Co., Center- 
ville, Iowa. 

Handorf, Everett C., c/o H. K. Bell, Engi- 
neer, Mt. Vernon, Ky. 

Hauth, H. F., Town Clerk, Hawkeye, Iowa. 

Hinman, Jack J., Jr., Post Office Box 363, 
Iowa City, Iowa. 

Jacobson, J. H., Supt. Water and Sewers, 310 
N. Vine St., Hampton, Iowa. 

Johnson, Henry, Box 341, Mason City, Iowa. 

Klippel, Floyd, City Manager, City Hall, 
Iowa Falls, Iowa. 

Levine, Max, Bacteriology Dept., Iowa State 
College, Ames, Iowa. 

Luebbers, Ralph H., Q. M. Office, Fort Leav- 

enworth, Kans. 


Engineer, City Hall, 


Mark, William R., Jr., State Dept. of Health, 
Capitol Bldg., Des Moines, Iowa. 

Martin, Sylvan C., Sanitary Engineer, 525 
Forest Glen, Ames, Iowa. 

Marzee, E. J., 3231 Fourth Ave., Sioux City, 
Iowa. 

Mather, Edward K., Dakota Engineering Co., 
309 Western Bldg., Mitchell, So. Dak. 

Morrell & Company, John, Ottumwa, Iowa. 

Murphy, Lindon J., Engineering Extension 
Service, Iowa State College, Ames, Iowa. 

Nelson, Frederick G., 4639 Humboldt Ave., 
South Minneapolis, Minn. 

Nelson, Gussie H., Jr., 2625 Hunt St., Ames, 
Iowa. 

Roth, Adam C., Jr., Supt. of Sewage Works, 
West Liberty, Iowa. 

Schrack, Bert, 621—I1st St., S. W., Oelwein, 
Towa. 

Sedlacek, A..J., Supt. of 
Pocahontas, Iowa. 

Stanley, C. M., Young & Stanley, Ine., 211 
Iowa Ave., Muscatine, Iowa. 

Straatsma, Elmer, Supt. of Sewage Works, 
Sioux Center, Iowa. 

Towne, W. Waldo, Director, Division of Sani- 
tary Engineering, Capitol Annex, Pierre, 
8. D. 


Sewage Works, 











Truckenmiller, E. E., Supt. Public Utilities, 


Sibley, Iowa. 


Walker, William W., Dr., 1614 Second Ave., 


S. E., Cedar Rapids, Iowa. 


Waterman, Earle L., Prof. of Sanitary Engi- 


366 SEWAGE WORKS JOURNAL 








March, 1936 


neering, State University of Iowa, Iowa 
City, Iowa. 
Wise, Sam, Water Supt., Manson, Iowa. 
Young, Frank E., City Engineer, City Hall, 
Cedar Rapids, Iowa. 


Kansas Water and Sewage Works Association 


Mr. Earnest Boyce, Secretary, State Board of Health, Lawrence, Kansas 


Angevine, L. C., Water and Light Supt., Me 


Pherson, Kans. 


Boyce, Earnest, Engineer, State Board of 


Health, Lawrence, Kans. 

Branson, J. F., Water and Light Supt., Rus 
sell, Kans. 

Cerny, Paul J., Asst. Engineer, State Board 
of Health, Lawrence, Kans. 

Dills, Charles C., Asst. Engineer, State Board 
of Health, Lawrence, Kans. 

Ennis, F. R., Water Supt., Hoisington, Kans. 

Estrin, Fred, 6025 South Benton, Kansas 
City, Mo. 

Frerking, A. G., c/o W. S. Dickey Co., Kan- 
sas City, Mo. 

German, H. L., Holton, Kansas. 

Hands, Glenn E., 553 North Walnut St., 
Marion, Kans. 

Hefling, A. W., Hefling & Hughes, Hutchin- 
son, Kans. 

Johnson, W., 443 N. Exposition, Wichita, 


Kans. 


Kunz, Sol F., Chemist, Water Filtration 
Plant, Emporia, Kans. 

Lee, R. B., City Engineer, Hutchinson, Kans. 

Lingo, H. L., Water and Light Supt., Horton, 
Kans. 

Morris, J. P., Water Supt., Council Grove, 
Kans. 

Myers, W. O., Water and Light Supt., Ottawa, 
Kans. 

Paulette, R. J., Consulting Engineer, 1635 
Mulvane St., Topeka, Kans. 

Regier, A. F., Water Supt., Moundridge, 
Kans. 

Riepe, Wm., Water Supt., Dighton, Kans. 

Ruble, R. O.,:¢/o C. A. Haskins, 517 Finance 
Bldg., Kansas City, Mo. 

Smith, Levi B., Water Supt., Paola, Kans. 

Sparks, R. R., Water Supt., Troy, Kans. 

White, J. E., Water and Light Supt., Hering- 
ton, Kans. 

Young, Lewis A., ¢/o C. A. Haskins, Cons. 
Engineer, 517 Finance Bldg., Kansas City, 
Mo. 


Maryland-Delaware Water and Sewerage Association 


Mr. A. W. Blohm, Secretary-Treasurer, State Department of Health, 2411 N. Charles St., 


Baltimore, 


Armeling, Geo. K., 4031 Bonner Road, Balti- 
more, Md. 

Beckett, Richard C., State Dept. of Health, 
Dover, Dela. 

Blohm, A. W., 2411 North Charles St., Balti- 
more, Md. 

Clement, R. C., District Mgr., Wallace & 
Tiernan Co., Ine., 3419 Morrison St., N. W., 
Washington, D. C. 

Coblentz, M. H., State Dept. of Health, Office 
of Chief Engineer, 2411 N. Charles St., 
Baltimore, Md. 

Cromwell, Edward C., Baltimore Sewage 
Treatment Plant, Colgate, Md. 

Crozier, B. L., Chief Engineer, Municipal 
Bldg., Baltimore, Md. 

Donaldson, Edgar F., Annapolis Water Co., 

R. F. D. 1, Annapolis, Md. 





Maryland 


Enoch Pratt Free Library, Periodicals Dept., 
Cathedral, Franklin and Mulberry Sts., 
3altimore, Md. 

Finck, G. E., Bureau of Sewers, Municipal 
Bldg., Baltimore, Md. 

Genter, Albert L., Wyman Park Apts., Balti 
more, Md. 

Goodrich, A. E., Md. State Dept. of Health, 
2411 N. Charles St., Baltimore, Md. 

Gregory, J. H., Johns Hopkins University, 
Homewood, Baltimore, Md. 

Hall, Harry R., Deputy Chief Engineer, 
Washington Sub. San. Dist., Hyattsville, 
Md. 

Hopkins, Ed. S., Montebello Filters, Hillen 
Road, Baltimore, Md. 

Keefer, C. E., 2030 Park Ave., Baltimore, Md. 

Krumbine, William, 21 Bay St., Easton, Md. 























Vol. 8, No. 2 


Morse, Robert B., Chief Engineer, Washing- 


ton Suburban San. Dist., Hyattsville, Md. 
Owings, Noble L. 
Riverdale, Md. 
Patrick, J. G., Chemist, W. Va. 

Paper Co., Luke, Md. 
Powell, S. T., Professional 
Charles St., Baltimore, Md. 
Ruark, Milton J., Room 600, Municipal Bldg., 
Baltimore, Md. 
Shelley, F. C., 6206 Fair Oaks Ave., 
more, Md. 


, 109 Washington Ave. 


’ 


Pulp and 


Bldg., 303 N. 


3alti- 


MEMBERS OF FEDERATION 


367 


Smith, Paul L., 5404 Tramore Rd., Baltimore, 
Md. 

Spring, Wallace N., State Dept. of Health, 
Salisbury, Md. 

State Department of Health, Bureau of Sani- 
tary Engineering, 2411 N. Charles St., 
Baltimore, Md. 

Weiner, Harry, Back River Sewage Treat- 
ment Plant, Colgate, Md. 

Whitman, Requardt & Smith, Charles and 
Biddle Sts., Baltimore, Md. 

Wolman, Abel, State Dept. of Health, 2411 
N. Charles St., Baltimore, Md. 


Michigan Sewage Works Association 


NEE. Ws aes 


Adams, Milton P., Executive Secy., Michigan 
Stream Control Comm., Lansing, Mich. 

Anderson, R. A., Supt. Sewage 
Plant, Muskegon Heights, Mich. 

Bentley, Roy, Michigan Home and Training 
School, Lapeer, Mich. 

Birkeness, O. T., Room 511, 605 W. Washing- 
ton Ave., Chicago, Ill. 

Board, Leonard M., Sanitary Engineer, Hills- 
dale County Health Dept., Hillsdale, Mich. 

Bowers, T. C., 212 East Ganson St., Jackson, 
Mich. 

Chambers, Mark A., City Hall, Battle Creek, 
Mich. 

Clemmer, M. E 
Creek, Mich. 

Corson, H. C., City Engineer, 
Mich. 

Damoose, Naseeb, Sewage Treatment Plant, 
Grand Rapids, Mich. 


911 W. Michigan, Battle 


” 


sirmingham, 


Davis, M. W., 455 Norwood St., Hillsdale, 
Mich. 

Dodge, H. P., 809 Rose Ave., Ann Arbor, 
Mich. 


Dorr, Fred, Box 717, Royal Oak, Mich. 

Doyle, Thomas J., 274 E. Boulevard, Pontiae, 
Mich. 

Drury, Walter R., Drury & McNamee, Shoe- 
craft, Ann Arbor, Mich. 

Kldridge, E. F., Chemistry Dept., Michigan 
State College, East Lansing, Mich. 

largo Engineering Company, Jackson, Mich. 

Faust, R. J., Michigan Dept. of Health, Lan- 
sing, Mich. 

lrancis, Geo. W., Francis Engineering Co., 
Kddy Bldg., Saginaw, Mich. 

Frith, Gilbert R., 479 Barnett St., N.E., At- 
lanta, Ga. 

Gates, Lloyd R., Dr., 1816 Warren Ave., Route 

3, Ann Arbor, Mich. 


Treatment, 


Shephard, Secretary-Treasurer, State Dept. of Health, Lansing, Mich. 


Gove, R. H., 
Mich. 

Habermehl, C. 
born, Mich. 

Hamill, H. H., Plymouth, Mich. 

Hargraves, D. L., 107 N. 
Pontiac, Mich. 

Hasson, H. H., c/o Van Buren County Health 
Dept., Paw Paw, Mich. 
Hirn, William C., c/o Pate & Hirn, 1610 
Washington Blvd. Bldg., Detroit, Mich. 
Hoad, W. C., Col., 2108 Melrose Street, Ann 
Arbor, Mich. 

Hubbell, George E., 
troit, Mich. 

Hubbell, Hartgering & Roth, 2640 Buhl Bldg., 
Detroit, Mich. 

Jacka, S. C., City Engineer, Lansing, Mich. 

Jackson, R. B., 527 W. Ganson St., Jackson, 
Mich. 

Jackson, T. L., 

Jellema, 
Mich. 

Jennings, L. R.. 508 E. Main Street, Owosso, 
Mich. 

Kammerling, Lane, 194 E. 7th St., Holland, 
Mich. 

Kelley, R. E., 119 S. Maple St., Sturgis, Mich. 

Kessler, T. F., City Manager, Escanaba, Mich. 

Leemaster, J. F., 1036 Lansing Ave., Jackson, 
Mich. 

McCallum, G. E., Sanitary Engineer, Kent 
County Health Dept., Grand Rapids, Mich. 

McFarlane, W. D., 14365 Marlowe Ave., De- 
troit, Mich. 

McGrath, C. P., 116 Clinton St., Mt. Clemens, 
Mich. 

McKenna, Harold R., 520 E. Third St., Flint, 
Mich. 


Territorial Road, Battle Creek, 


A., 7603 Reuter Ave., Dear- 


yenesee Ave., 


Wayne University, De- 


St. Ignace, Mich. 
F., 89 E. 22nd St., Holland, 


John 











368 SEWAGE WORKS JOURNAL 


McKenzie, H. W., Schaefer Bldg., Dearborn, 
Mich. 

Madison, Vincent, Charlevoix, Mich. 

Mallman, W. L., Michigan State College, East 
Lansing, Mich. 

May, D. C., Ayres, Lewis, Norris & May, 
Cornwall Bldg., Ann Arbor, Mich. 

Miller, Edmund C., 6250 Schaefer Rd., Dear- 
born, Mich. 

Mitchell, P. T., City Manager, Petoskey, Mich. 

Morrill, A. B., P.O. Box 66, Richmond, Ind. 

Mudgett, C. T., Sewage Treatment Works, 
Pontiac, Mich. 

Oeming, L. F., 1311 Lemrork St., Lansing, 
Mich. 

Ohr, Milo F., Public Works Administration, 
1010 Fisher Bldg., Detroit, Mich. 

Olson, Herbert A., 127 Grand View, Ann 
Arbor, Mich. 

Owen, Mark B., 7752 Kentucky Ave., Dear 
born, Mich. 


Pate, Edwin, c/o Pate & Hirn, 1610 Wash- 


ington Blvd. Bldg., Detroit, Mich. 

Paul, Claude, 805 Third St., Jackson, Mich. 

Peterson, Carl, City Manager, Muskegon, 
Mich. 

Potts, Harry G., Pennsylvania Salt Co., Wy- 
andotte, Mich. 

Powers, Thos. J., Stream Control Commission, 
Lansing, Mich. 

Putnam, A. R., Box 185, Benton Harbor, 
Mich. 

Raymond, N. I., City Engineer, City of 
Owosso, Owosso, Mich. 

Roe, Frank C., The Carborundum Co., Niagara 
Falls, N. Y. 

Rosenberg, N. A., Sanitary Engineer, Ottawa 
County Health Dept., Grand Haven, Mich. 

Rumsey, James R., Sewage Treatment Works, 
Grand Rapids, Mich. 


March, 1936 


Sawyer, Charles, City Engineer, Traverse City, 
Mich. 

Schneider, Edwin C., City Hall, Fremont, 
Mich. 

Shafter, EK. M., City Manager, Royal Oak, 
Mich. 

Shephard, W. F., Mich. Dept. of Health, Lan- 
sing, Mich. 

Smith, Robert J., Francis Engineering (Co., 
Eddy Bldg., Saginaw, Mich. 

Smith, Walter E., Wallace & Tiernan Com- 
pany, Ine., 415 Brainard Street, Detroit, 
Mich. 

Snedeker, L. La Verne, 150 S. MeKenzie St., 
Adrian, Mich. 

Sparks, Bert, Hastings, Mich. 

Stielstra, Clarence, 915 N. Johnson St., Bay 
City, Mich. 

Streu, William, Girls’ Training School, 
Adrian, Mich. 

Sullivan, J. Donald, City Manager, Alma, 
Mich. 

Theroux, Frank R., Civil Engineering School, 
Mich. State College, E. Lansing, Mich. 

Townsend, Theodore, St. Johns, Mich. 

VandeGreyn, Max, City Manager, Harbor 
Springs, Mich. 

Volk, J. A., Supt. Sewage Treatment Works, 
Traverse City, Mich. 

Walbridge, Harold J., City Engineer’s Office, 
3attle Creek, Mich. 

Weeber, Earle R., 1440 Mackinaw Road, S. E., 
Grand Rapids, Mich. 

Welch, Pierre R., 718 W. Dayton Street, 
Flint, Mich. 

Wileoxen, L. C., City Engineer’s Office, De- 
troit, Mich. 

Ziteck, Jack, 136 East 19th St., Holland, 
Mich. 


Missouri Water and Sewerage Conference 


Mr. Herbert M. Bosch, Secretary-Treasurer, State Board of Health, Jefferson City, Mo. 


Adams, C. F., Dr., State Board of Health, 
Jefferson City, Mo. 

Adams, L. W., Supt., Water and Electric 
Plant, Monett, Mo. 

3arada & Page, Guinotte and Michigan Aves., 
Kansas City, Mo. 

Barker, Russell, Supt. Water Works, Odessa, 
Mo. 

Barnes, W. E., City Engineer and Supt., 
Water Works, Liberty, Mo. 

Beard, Frank, City Engineer, Kahoka, Mo. 

Black & Veatch, Att: Mr. G. R. Scott, San. 
Engr., 4706 Broadway Blvd., Kansas City, 
Mo. 


Board of Publie Works, City Hall, St. Charles, 
Mo. 

Bosch, Herbert M., State Board of Health, 
Jefferson City, Mo. 

Bridges, Frank B., Supt. Water Works, 
Kahoka, Mo. 

Brown, Cleo, Light and Water Dept., Har 
risonville, Mo. 

Brown, Hugh, Supt. Waterworks, Vandalia, 
Mo. 

Burns & McDonnell, 107 N. Linwood, Kansas 
City, Mo. 

Campbell, ©. H., Operator, Water Works, 
Marceline, Mo. 





Vo 


Cit 


936 
ity 


nt, 


ill- 


1, 





Vol. 8, No. 2 


City Water and Light Plant, West Plains, 
Mo. 

Cullom, W. H., Lexington Water Co., Lexing- 
ton, Mo. 

Dahm, Henry L., G. S. Robins & Co., 310-16 
So. Commercial St., St. Louis, Mo. 

Dickey Clay Manufacturing Co., W.S., Kansas 
City, Mo. 

Fox, Glenn C., Supt. Water Works, Marceline, 
Mo. 

Fuhrman, Ralph E., Supt. Sewage Treatment 
Plants, Dept. of Public Utilities, Spring- 
field, Mo. 

General Chemical Co., Att: Mr. A. H. Patton, 
1324 Paul Brown Bldg., St. Louis, Mo. 

Glenn, E. S., City Engineer, Carthage, Mo. 

Hack, Jacob G., Brunot, Wayne County, Mo. 

Hartung, Herbert O., San. Eng., St. Louis 
Water Co., 6600 Delmar, University City, 
Mo. 

Haskins, C. A., Consulting Engineer, 517 
Finance Bldg., Kansas City, Mo. 

Haynes, Carl, Supt. Water Works, Moberly, 
Mo. 

Hersey, T. C., E. W. Bacharach & Co., 1200 
Rialto Bldg., Kansas City, Mo. 

Howard, R. R., Supt. Water Works, Slater, 
Mo. 

Tnternational Filter Co., 32 West 70th Ter- 
race, Kansas City, Mo. 

Johnson, W. Scott, Room 62, Municipal Courts 
Bldg., St. Louis, Mo. 

Lester, F. N., Supt. Water Works, Butler, 
Mo. 

McCarroll, W. J., Supt. Water Works, Fulton, 
Mo. 

MeGlashon, D. W., 1019 Gloyd Bldg., Kan- 
sas City, Mo. 

MeVay, Lewis, Supt. Water Works, LaPlata, 
Mo. 
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Magill, A. C., Chemist, Missouri Utilities Co., 
Cape Girardeau, Mo. 

Parkes, Roy A., Abner Hood Chemical Co., 
107 North Montgall, Kansas City, Mo. 

Plattenburg, Q. L., Chemist, Bacteriologist, 
Kansas City Water Dept., Kansas City, Mo. 

Rollins Engineering Co., W.B., Att: Mr. W. 
B. Rollins, Pres., 339 Railway Exchange 
Bldg., Kansas City, Mo. 

Russell & Axon Engineering Co., 4903 Delmar 
Blvd., St. Louis, Mo. 

St. Louis Public Library, Olive, 13th and 14th 
Sts., St. Louis, Mo. 

Sherwood, A. J., Supt. Water Works, Canton, 
Mo. 

Shifrin, H., c/o W. W. Horner, International 
Office Bldg., St. Louis, Mo. 

Slinger, J. F., Supt. Water Works, Bethany, 
Mo. 

Smith Manufacturing Co., The A. P., 7 South 
Dearborn St., Chieago, Il. 

Stewart, F. L., Supt. Water Works, Bolivar, 
Mo. 

Thain, A. E., Supt. Water Works, Neosho, 
Mo. 

Thomas, R. S., East Main St., Macon, Mo, 

Thompson-Hayward Chem. Co., Att: L. E. 
Guthrie, Salesman, 2915 Southwest Blvd., 
Kansas City, Mo. 

Thompson, Homer F., Operator, Sewage Dis- 
posal Plant, Rolla, Mo. 

Turner, Frank E., Supt. Water Works, Cam- 
eron, Mo. 

Wallace & Tiernan Co., Ine., 426 Board of 
Trade Bldg., Kansas City, Mo. 

Williams, L. O., Jr., Public Health Engineer, 
State Board of Health, Jefferson City, Mo. 

Wilson, J. N., City Engineer, Kirkwood, Mo. 


New England Sewage Works Association 


Mr. F. Wellington Gilereas, Secretary-Treasurer, Division of Laboratories and Research, 
N. Y. State Dept. of Health, Albany, N. Y. 


Adams, George O., Lawrence Experiment Sta., 
State Department of Health, Lawrence, 
Mass. 

Agar, Charles G., Div. of Sanitation, State 
Dept. of Health, Albany, N. Y. 

Allen, Herbert B., Supervising Chemist, Sew- 
age Disposal Works, Fitchburg, Mass. 

Almquist, Frederick O. A., Conn. State Dept. 
of Health, Hartford, Conn. 

Barker, Stanley T., 14 Bacon St., Boston, 
Mass. 


Benford, William R., Brown University, 
Providence, R. I. 

Bogren, George G., Weston & Sampson, 14 
3eacon St., Boston, Mass. 

Bolde, Abraham C., Room 511A, State House, 
Boston, Mass. 

Bowers, Samuel W., c/o MacKenzie & Bowers, 
Southington, Conn. 

Boyce, Earnest, 1714 Indiana Street, Law- 


rence, Kansas 
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Brigham, Harold L., Water & Sewer Com- 
mission, Malboro, Mass. 

Brooks, John H., Jr., E. Worcester St., Wor- 
cester, Mass. 

Brule, Abundius A., 157 Chestnut St., Central 
Falls, R. I. 

Buck, Robinson D., 293 Oxford Street, Hart- 
ford, Conn. 

3ugbee, Julius W., Supt. Sewage Disposal 
Works, 25 New York Ave., Providence, R. IJ. 

Burden, Harry P., Associate Professor, Tufts 
College, Medford, Mass. 

Burdoin, Allen J., Walnut Street, Natick, 
Mass. 

Calvert, John T., 61 Half Moon Lane, Herne 
Hill, London, 8.E. 24, England. 

Camp, Thomas R., Assoc. Prof., Massachusetts 
Inst. of Tech., Cambridge, Mass. 

Campbell, Arthur T., 165 Capitol Ave., Hart- 
ford, Conn, 

Carignan, Harry A., 70 Park Ave., Woon- 
socket, R. I. 

Carson, Caryl C., Box 1139, Hartford, Conn. 

Cary, Willis E., 5 Chesterfield Rd., Worcester, 
Mass. 

Chase, E. Sherman, Metcalf & Eddy, 1300 
Statler Bldg., Boston, Mass. 

Clark, H. W., Consulting Engineer, 11 Beacon 
St., Boston, Mass. 

Clarke, V. B., Box 582, Ansonia, Conn. 
Cobb, Edwin B., Babeock Terrace, East Ded- 
lam, Mass. 
Coburn, 8. E., 
Mass. 

Cohn, Morris M., 1101 Lexington Ave., Sche- 
nectady, N. Y. 

Copeland, William R., Room 317, State Of- 
fice Bldg., Hartford, Conn. 

Coy, Arthur H., Water and Sewer Dept., 
Westerly, R. I. 

Crompton, Raymond, 100 Crompton Ave., E. 
Greenwich, R. I. 
Curry, Truman M., Jr., c/o Nicholas S. Hill, 
Jr., 112 East 19th St., New York, N. Y. 
De Haas, Nicholas, Box 176, Linwood, Mass. 
Dion, Clarence K., 28 Chester Ave., Westerly, 
m. i. 

Doggett, William H., Sandy Valley Rd., Ded- 
ham, Mass. 

Dyer, Samuel, Memorial Bldg., Framingham, 
Mass. 

Dwyer, William T., 92 Burton St., Bristol, R. 
i. 

Eddy, Harrison P., 65 Gray Cliff Rd., Newton 
Centre, Mass. 

Eddy, Harrison P., Jr., 1300 Statler Bldg., 

Boston, Mass. 


1300 Statler Bldg., Boston, 
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Eliassen, Rolf, The J. N. Chester Enginecrs, 
Clark Bldg., Pittsburgh, Pa. 

Ellsworth, Samuel M., Consulting Engineer, 
12 Pearl St., Boston, Mass. 

Fair, Gordon M., 112 Pierce Hall, Cambridge, 
Mass. 

Fales, Almon L., ¢/o Metealf & Eddy, Statler 
Bldg., Boston, Mass. 

Farnham, Arthur B., City Engineer, Pitts- 
field, Mass. 

Ferreira, Mario Leal, Rua Ferreira Nobre 
110, Engenho Novo, Rio de Janeiro, Brazil, 
S. A. 

Ferris, James E., Electro Bleaching Gas ©o., 
9 E. 41st St., New York, N. Y. 

Figenbaum, F., Supt. Streets and Sewers, 
Leominster, Mass. 

Flood, Frank L., e/o Metcalf & Eddy, Statler 
Bldg., Boston, Mass. 

Fuller, Arthur G., Warehouse Point, Conn. 

Gage, Stephen DeM., 177 Arnold Ave., Edge 
wood, R. I. 

Gallagher, John P., 7 Grand Ave., Danbury, 
Conn. 

Gilbert, Joseph J., 936 Mt. Carmel Ave., 
North Hills, Pa. 

Gilereas, F. Wellington, Seey. Division of 
Laboratories, State Dept. of Health, Al- 
bany, N. Y. 

Giles, J. Henry L., State Dept. of Health, 
State Office Bldg., Hartford, Conn. 

Greenwich Sewer Commission, Room 7, Town 


Bldg., Greenwich, Conn. 

Griffin, Guy E., 11 Field Road, Cos Cob, Conn. 

Gulick, W. M., Mereo Nordstrom Valve Co., 
50 Church St., New York, N. Y. 

Haley, F. W., c/o F. A. Barbour, 1119 Tre 
mont Bidg.. Boston, Mass. 

Hanrath, William J., 14 Maud St., Pittsfield, 
Mass. 

Hanson, Christopher, Sewage Disposal Works, 
Marlboro, Mass. 

Hauck, Frederick W., Supt. E. 
Sewage System, 110 Grosvenor Ave., East 
Providence, R. I. 

Hill, G. Everett, 45 Seventh Ave., New York, 
DN. 2 

Holmes, Glenn W., 1446 Belmont St., N.W., 
Washington, D. C. 

Holmes, Harry E., Mass. State Dept. of 
Health, State House, Boston, Mass. 

Holmgren, Richard F., Chief Engineer, Water 
Resources Board, Concord, N. T. 

Horne, Ralph W., ¢/o Fay, Spofford & 'Thorn- 
dike, 44 School St., Boston, Mass. 

Houser, George C., 441 Washington St., 

Brookline, Mass. 
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Howard, P. F., Cottage Park Rd., Winthrop, 
Mass. 

Hurley, F. J., Southington, Conn. 

Jackson, J. Frederick, 185 Church St., New 
Haven, Conn. 

Johnson, Eskil C., Board of Purification of 
Waters, State Office Bldg., Room 327, 
Providence, R. I. 

Jordan, Edward C., 44 Follen St., Cambridge, 
Mass. 

Joyce, Clarence M., Du Pont Viscoloid Co., 
Leominster, Mass. 

Kelsey, Walter, ¢/o Lord & Burnham Co., 
Irvington, N. Y. 

Kendrick, Walter L., Sewer Maintenance 
Pept., 37 Ernest St., Providence, R. I. 

Lamb, Clarence F., 86 Weybosset St., Water- 
man Engineering Co., Providence, R. I. 

Lanphear, Roy S., Worcester Sewgae Dis- 
posal Works, Worcester, Mass. 

Lingley, Ralph G., 33 City Hall, Worcester, 
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Mass. : 

Lumbert, William J., North Scituate, Mass. 
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Marrah, Edwin K., 108 Park Avenue, Woon- 
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ville, Conn. 
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bridge, Mass. 

Morgan, Jr., Edward F., Supt. of Public 
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Muldoon, Joseph <A., 849 Hancock Ave., 
Bridgeport, Conn. 

Newlands, James A., Pres., Henry Souther 
Enginecring Co., 11 Laurel St., Hartford, 
Conn. 

Petrie, William P., Supt. Sewage Disposal 
Plant, Norwalk, Conn. 

Pitkin, Ward H., 242-15 Church St., Doug- 
laston, N. Y. 

Pool, Charles L., R. I. Public Health Com- 
mission, 335 State Office Bldg., Providence, 
R. I. 

Pratt, Gilbert H., 502 Statler Bldg., Boston, 
Mass. 

Proudman, Chester F., New Canaan Sewage 

Disposal Plant, New Canaan, Conn. 





FEDERATION 371 





Quinn, Francis T., 116 South St., Westboro, 
Mass. 

Quinn, Thomas A., 116 South St., Westboro, 
Mass. 

Ray, William P., 30 So. Cotton St., Leo- 
minster, Mass. 

Richardson, Charles G., Builders Iron Foun- 
dry, Providence, R. I. 

Robinson, Leonard C., Supt. Water and Sewer 
Dept., Concord, Mass. 

Roche, Edward C., 100 Enola Ave., Kenmore, 
Na Xs 

Sanderson, W. W., 17 William Jackson Ave., 
Brighton, Mass. 

Sanford, John L., Mile Hill Rd., Newton, 
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Sawyer, Robert W., Jr., c/o Malcolm Pirnie, 
25 West 43d St., New York, N. Y. 

Scott, Warren J., 34 Garfield Rd., West Hart- 
ford, Conn. 

Shea, Walter J., 327 State Office Bldg., Provi- 
dence, R. I. 

Shepperd, Frederick, ‘‘Municipal Sanita- 
tion,’’ 24 West 40th St., New York, N. Y. 

Sherman, Leslie K., 839 Farmington Ave., 
West Hartford, Conn. 

Sieverding, O. C., 41 Norfolk St., Hartford, — 
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Smith, Fred E., Cambridge Water Purifica- 
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bridge, Mass. 

Snow, Willis J., State Water Commission, 
State Office Bldg., Hartford, Conn. 

Solander, Arvo A., 34 West St., Winchendon, 
Mass. 

Soule, Ralph M., 511-A State House, Boston, 
Mass. 

Sprague, Prof. E. H., Univ. of Maine, Orono, 
Maine. 

Sterling, Clarence I., Jr., Mass. Dept. of Pub- 
lie Health, 145 State St., Springfield, Mass. 

Stock, Mitchell B., P. O. Box 804, Bridge- 
port, Conn. 

Suttie, Prof. R. H., Dept. of Civil Engineer- 
ing, Yale University, New Haven, Conn. 
Thompson, E. H., 1308 Elm St., Stratford, 

Conn. 

Thompson, Walter E., 1290 Elm St., Stratford, 
Conn. 

Tomasetti, Mario C., Tupelo Military Insti- 
tute, Tupelo, Miss. 

Van Kleeck, LeRoy W., 165 Capitol Ave., 
Hartford, Conn. 

Wadhams, Gen. S. H., State Water Commis- 
sion, State Office Bldg., Hartford, Conn. 
Walker, Philip B., 18 Summit St., Whitins- 

ville, Mass. 














Watertown Fire District, Watertown, Conn. 

Watters, George E., 536 Montauk Ave., New 
London, Conn. 

Wentworth, John P., 1300 Statler Bldg., Bos- 
ton, Mass. 

Weston, Arthur D., Room 511, State House, 
3oston, Mass. 

Weston, R. S., Consulting Engineer, 14 Bea- 
con St., Boston, Mass. 
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Whipple, Melville C., 112 Pierce Hall, Cam- 
bridge, Mass. 
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Conn. 

Worthington, Erastus, Insurance Bldg., Ded- 
ham, Mass. 

Wright, Edward, Mass. State Dept. of Health, 
State House, Boston, Mass. 
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Providence, R. I. 
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Ackerman, A. P., Stockbridge Road, Great 
Banington, Mass. 
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New Brunswick, N. J. 

Barbahenn, E. W., 13 Highland Place, 
Maplewood, N. J. 
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J. Agricultural Experiment Sta., New 

3runswick, N. J. 

3ender, E., 1215 S. Edgewood St., W. Phila- 
delphia, Pa. 
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New Brunswick, N. J. 

Bosland, Frank E., 2730 Magnolia Ave., 
Knoxville, Tenn. 

Boughten, P. S., Cedar Grove, N. J. 

Brunstein, Maurice, Bureau of Health, Room 
311, City Hall Annex, Atlantic City, N. J. 

Buchanan, W. F., Supt. of Public Works, 
Metuchen, N. J. 

Cameron, Geo., 1905 Kuehnle Ave., Venice 
Park, Atlantic City, N. J. 

Chamberlin, Noel S., 2015 Church Ave., 
Brooklyn, N. Y. 

Cleary, Edward J., 510 Highland Ave., Upper 
Montclair, N. J. 

Coe, J. H., Englewood Sewerage Trust Com- 
pany, Englewood, N. J. 

Corson, B. I., Camden County Vocational 
School, Merchantville, N. J. 

Cowles, M. W., Hackensack Water Co., Dept. 
Filtration and Sanitation, New Milford, 
No J. 

Decher, Henry, 102 Varsity Rd., Newark, 
Ne J. 

Decker, E. P., City Hall, Newark, N. J. 

Kifler, Emil O., 65 Lincoln Ave., Boro of To- 
towa, Paterson, N. J. 
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N. J. 

Gehm, Harry Willard, 531 Walnut St., Eliza- 
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Thompson, H. E., Supt. of Filtration, Univ. 
of N. C., Chapel Hill, N. C. 

Thorpe, D. W., Hamlet Water Co., Hamlet, 
N; C; 

Trice, M. F., Asst. Engineer, State Board of 
Health, Raleigh, N. C. 


yreens- 


and Light 
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True, Albert O., Sanitary Engineer, Denim 
Branch, Proximity Manufacturing Co., 
Greensboro, N. C. 

Tull, E. R., Supt. Municipal Water Plant, 
Rockingham, N. C. 

Van Camp, P. M., Civil Engineer, Patch 
Bldg., Southern Pines, N. C. 

Vest, W. E., Supt. Water Works, Charlotte, 
N.C. . 


Ohio Sewage Works 


Mr. Frank W. Jones, Secretary-Treasurer, 


Agnew, A. V., 621 North Ave., Dayton, Ohio. 

Allen, Joseph M., Sanitary Engineering Dept., 
Hamilton County Court House, Cincinnati, 
Ohio. 

Allton, Robert A., City Hall, Columbus, Ohio. 

Arnold, Walter, Easterly Sewage Treatment 
Works, East 140th St. and Lake Shore 
Blvd., Cleveland, Ohio. 

Avery, J. W., 2171 Atkins Ave., Rocky River 
Branch, Cleveland, Ohio. 

Backherms, A. B., Assistant Engineer, City 
of Akron, Ohio. 

Backherms, Louis E., 549 Court House, Cin- 
cinnati, Ohio. 

Bahlmann, Clarence, Water Purification Su- 
pervisor, Cincinnati Filtration Plant, Calli- 
fornia, Ohio. 

3arnes, George E., Prof., Case School of Ap- 
plied Science, Cleveland, Ohio. 

Barton, Ben H., 207 Locust St., Findley, 
Ohio. 

Bartow, Leslie W., 211 East Hudson St., Co- 
lumbus, Ohio. 

Behnke, Geo. C., 400 E. College St., Oberlin, 
Ohio. 

Blanchard, H. E., ¢/o A. H. Fretter, 603 S. 
3roadway, Medina, Ohio. 

Bonney, O., Sewerage Relief Engineer, City 
Hall, Columbus, Ohio. 

Browne, Floyd G., Box 134, Marion, Ohio. 

Burger, A. A., Engineer, 3306 Elsmere Road, 
Shaker Heights, Cleveland, Ohio. 

Case School of Applied Science, Att: Prof. 
George E. Barnes, Dept. of Civil Engineer- 
ing, Euclid Ave., opposite Wade Park, 
Cleveland, Ohio. 

Clover, I. N., 4302 Helene Ave., Youngstown, 
Ohio. 

Collier, James R., 208 Harwood St., Elyria, 
Ohio. 

Corbin, Lee, Supt. Water and Sewers, Barnes- 
ville, Ohio. 

Critser, W. H., 137 Crestview Rd., Columbus, 

Ohio. 
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Warrenton Water Company, Warrenton, N. G, 

Whitman, Joseph <A., Supt. of Utilities, Ra- 
leigh, N. C. 

Williams, Macon W., Lenoir, N. C. 

Witty, T. E., Water Dept., Thomasville, N. €, 

Yow, W. E., Supt, Water Dept., Asheboro, 
N. C. 


Conference Group 


1140 Leader Building, Cleveland, Ohio 


Cummins, Walter, 2021 Mason St., Toledo, 
Ohio. 

Dakin, Morrill, 424 West Hill Crest Ave., 
Dayton, Ohio. 

Dick, George C., Supt. Berea College, Berea, 
Ky. 

Dittoe, W. H., Chief Engineer, Mahoning 
Valley San. Dist., 901 City Bank Bldg., 
Youngstown, Ohio. 

Dixon, G. Gale, Home Savings and Loan 
Bldg., Youngstown, Ohio. 

Eagle, George H., 1367 Meadow Road, Co- 
lumbus, Ohio. 

Ellms, J. W., 1310 West 112th St., Cleveland, 
Ohio. 

English, C. C., Banes, Cuba. 

Evans, E. B., Cincinnati Water Works, Cali 
fornia, Ohio. 

Flower, G. E., 1301 West 110th St., Cleveland, 
Ohio. 

Ford, Curry E., 1140 Leader Bldg., Cleveland, 
Ohio. 

Fretter, Albert H., Supt. of Sewers, 603 S. 
Broadway, Medina, Ohio. 

Goble, H. J., 1187 W. High St., Lima, Ohio. 

Goldberg, Milton, Southerly Sewage Treat- 
ment Works, Brooklyn Sta. R. F. D. 3 
Cleveland, Ohio. 

Growdon, Howard C., 2519 Ritchie St., Ports- 
mouth, Ohio. 

Hall, G. Albro, 10 State St., Norwalk, Ohio. 

Harroun, F, E., 711 Chitty Ave., Akron, Ohio. 

Hatch, B. F., State Health Dept., Pure Oil 
Bldg., Columbus, Ohio. 

Havens, William L., 1140 Leader Bldg., Cleve- 
land, Ohio. 

Hess, A. E., Supt. of Water and Sewage 
Plants, Alliance, Ohio. 

Hobart, W. B., Chippawa Lake, Ohio. 

Hommon, Charles C., 140 22nd St., N.W., 
Canton, Ohio. 

Hoover, C. B., 252 East 17th Ave., Columbus, 

Ohio. 
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Trons, R. N., 811 Perry-Payne Building, Cleve- 
land, Ohio. 

Jones, Frank Woodbury, 1140 Leader Build- 
ing, Cleveland, Ohio. 

Kline, H. S., 5 Palmer St., Apt. 21, Dayton, 
Ohio. 

Knox, W. H., Asst. Engineer, State Dept. of 
Health, Pure Oil Building, Columbus, Ohio. 

Krunick, M. D., R. R. No. 7, ¢/o Sewage 
Plant 1, Botzum, Akron, Ohio. 

Lantz, O. C., U. B. Annex, Water Dept., Day- 
ton, Ohio. 

Lashley, L. W., 2402 Hollywood Ave., Toledo, 
Ohio. 

Leach, Walter L., 
Cleveland, Ohio. 

Lockhart, W. B., City Chemist, Fostoria, Ohio. 


1140 Leader Building, 


Lower, J. R., Chemist-in-Charge, Bucyrus 
Water Works, Bucyrus, Ohio. 
McDill, Bruce M., State Dept. of Health, 


Pure Oil Building, Columbus, Ohio. 

McGuire, C. D., 448 Clinton St., Columbus, 
Ohio. 

MacDowell, R. F., 341 Chester-Twelfth Bldg., 
Cleveland, Ohio. 

Marsh, Royden E., 
Colo. 

Marshall, L. A., Supt. of Filtration, Division 
Ave. Plant, West 32nd St., and Div. Ave., 
Cleveland, Ohio. 

Monroe, 8S. G., R. F. 
Ohio. 

Morehouse, W. W., Director of Water Dept., 
308 U, B. Annex, Dayton, Ohio. 

Moseley, H., 1140 Leader 
Cleveland, Ohio. 

O’Brien, Walter S., 559 Marion Ave., Lima, 
Ohio. 

Pease, Maxfield, 4614 Prospect Ave., Cleve- 
land, Ohio. 

Pollex, Elmer, 4147 Eastway, Toledo, Ohio. 

Purification Systems, Ine., Att.: Charles H. 
Shook, Pres., 582 West Second St., Dayton, 
Ohio. 

Raffety, J. S., 
Ohio. 

Redrup, A. 


Regester, 


1660 Holly St., Denver, 


D., 7, Box 99, Akron, 


Harry Building, 


3414 Oakview PL, Cincinnati, 
F., Park Hotel, Van Wert, Ohio. 
Robert T., 469 KE. Torrence Rd., 

Columbus, Ohio. 
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Roth, R. F., 
Ohio. 

Rupp, Daniel H., Water Dept., City Hall, To- 
peka, Kans. 

Schaetzle, T. C., 
Akron, Ohio. 

Scott, R. D., Chief Chemist, Division of Lab- 
oratories, State Dept. of Health, Columbus, 
Ohio. 

Sheets, 
Ohio. 

Smiley, Paul E., 324 Point View Ave., Day 
ton, Ohio. 

Smith, 2nd, E. E., 
Ohio. 

Smith & Niles Co., A. H., The, 112 E. Wood- 
ruff Ave., Toledo, Ohio. 

Stewart, F. D., Principal Asst. Engineer, 
State Dept. of Health, Pure Oil Bldg., Co- 
lumbus, Ohio. 


Municipal Building, Oxford, 


502 Municipal Building, 


W. D., 1418—18th Ave., Columbus, 


Supt. Filtration, Lima. 


Sweeney, R. C., Division of Sanitation, State 
Dept. of Health, Albany, N. Y. 

Tatlock, M. W., 911 Ferndale Ave., Dayton, 
Ohio. 

Tolles, Frank C., 1140 Leader Bldg., 
land, Ohio. 

Tomlinson-MacLachlan, Inc., 1603 St. Clair 
Ave., Cleveland, Ohio. 

Van Wirt, J. P., 609 N. West St., Lima, Ohio. 

Vickers, R. P., 639 East 7th St., Salem, Ohio. 

Wahmhoff , John, Supt. 
Works, Delphos, Ohio. 

Walker, C. C., 1826 W. 1st Ave., Columbus, 
Ohio. 

Waring, F. H., Chief Engineer, State Health 
Dept., c/o Pure Oil 
Ohio. 

Weiger, Merl D., 3088 West 106th St., Cleve- 
land, Ohio. 

Wenger, J. H., Chemist, 83 East Broadway, 
Westerville, Ohio. 

Wirts, J. J., Westerly Sewage Treatment 
Works, W. 58th St., and Bulkley Blvd., 
Cleveland, Ohio. 

Yackley, Wilbur A., 931 Porter Ave., Dayton, 
Ohio. 
Young, F. 
Ohio. 


Cleve- 


Sewage Treatment 


Building, Columbus, 


D., 1140 Leader Bldg., Cleveland, 


Oklahoma Water and Sewage Conference 
Mr. H. J. Dareey, Secretary-Treasurer, Dept. of Public Health, Oklahoma City, Okla. 


Stapley, E. R., Prof. of Civil Engineering, 
A. & M. College, Stillwater, Okla. 





Thompson, Joe F., Armour & Co., Oklahoma 
City, Okla, 
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Pacific Northwest Sewage Works Association 


Mr. Carl E. Green, Secretary, Oregon State Board of Health, 816 Oregon Building, 
Portland, Oregon 


Bjork, G. E., Northwest Editor, Western Con 
struction News, 2937 N.E. 64th Ave., Port- 
land, Ore. 

Butler, A. D., City Engineer, Spokane, Wash. 

Charlton, David, Dr., 705 Stevens Building, 
Portland, Ore. 

Chase, E. French, Sanitary Engineer, Dept. 
of Streets and Sewers, Seattle, Wash. 

Cunningham, John W., Spalding Building, 
Portland, Ore. 

Green, Carl E., State Sanitary Engineer, Ore- 
gon State Bd. of Health, 816 Oregon Bldg., 
Portland, Ore. 

Griggs, H. S., Sales Engineer, Hooker Elec- 
tro-Chemical Co., Tacoma, Wash. 


Hall, Willis, City Engineer, Ellensburg, 
Wash. 
Harris, Roy M., State Sanitary Engineer, 


State Dept. of 
Seattle, Wash. 
Heiss, Edward, Wallace & Tiernan Co., Inc., 
917 Terininal Sales Bldg., Seattle, Wash. 
Hockley, C. C., State Engineer for Oregon, 
Public Works Portland, 
Ore. ( 
Howard, Edgar F., 
Portland, Ore. 
Howard, John W., Prof., Civil 
Dept., University of Idaho, Moscow, Idaho. 


Health, Alaska Building, 


Administration, 


2129 S. E. 10th Ave.,, 


Engineering 


Hughes, William, City Engineer, Lewiston, 
Idaho. 

Koon, Ray E., 
Ore. 


Spalding Building, Portland, 


Leonard, W. V., State Chemist and Sanitary 
3oise, Idaho. 
Fred, City Engineer, 


Engineer, 
McCannel, 
Idaho. 
Merryfield, Fred, Civil Engineering Dept., 

Oregon State College, Corvallis, Ore. 
Mitchell, George, Wallace & Tiernan Co., Inc., 
917 Terminal Sales Bldg., Seattle, Wash. 
Moftitt, T. E., Hooker Electrochemical Co., 

Tacoma, Wash. 
National Tank and Pipe Co., Kenton Station, 
Portland, Ore. 


Caldwell, 


Phillips, C. J., City Engineer, Puyallup, 
Wash. 
Shera, Brian, Tacoma Electrochemical Co., 


30x 1215, Tacoma, Wash. 

Shibley, Kenneth, 7th Floor, Textile Tower, 
Seattle, Wash. 

Smith, C. H., 6210 S. E. Main St., Portland, 
Ore. 

Snyder, M. K., Prof., Civil Engineering, Dept., 
Washington State College, Pullman, Wash. 

Stockman, L. R., Consulting Engineer, Baker, 
Ore. 

Stockman, R. C., Associate Consulting Engi- 
neer, Baker, Ore. 

Tyler, R. G., Dean, University of Washington, 
Seattle, Wash. 

Van Horn, R. B., Prof., Civil Engineering 
Dept., University of Washington, Seattle, 
Wash. 

Wales, William L., Civil Engineer, 1209 Lin- 
coln St., Klamath Falls, Ore. 

Wood, Lyle, City Engineer, Weiser, Idaho. 


Pennsylvania Sewage Works Association 


Mr. L. D. Matter, Secretary-Treasurer, Room 217, Kirby Health Center, Wilkes-Barre, Pa. 


Altemus, Frank B., Norristown Sewage 
Treatment Plant, Opr., 396 W. Freedly St., 
Norristown, Pa. 

Anderson, W. R., Borough Supt., 228 Market 
St., New Wilmington, Pa. 

Armstrong, Paul A., Chemist, Pennsylvania 
Sanitary Water Bd., 824 Porter St., Easton, 
Pa. 

Bailey, S. C., Danville State Hospital, Dan- 
ville, Pa. 

Baltz, Elmer E., Engineer in Charge of 
Pumping Stations, Township of Lower 
Merion, 75 East Lancaster Ave., Ardmore, 


Pa. 





Barrick, M. J., Dist. Engr., Dept. of Health, 
28 E. Third St., Williamsport, Pa. 

Baum, H. J., City Engineer, Altoona, Pa. 

Beckett, R. C., State Sanitary Engineer, State 
Board of Health, Dover, Del. 

Beaumont, H. M., Room 1116, City Hall An 
nex, Philadelphia, Pa. 

Blunt, Harrison, Consulting Engineer, Pal 
merton Disposal Co., Palmerton, Pa. 

Boardman, Wm. Hunter, Jr., Civil Hyd. and 
San. Engineer, 426 Walnut St., Philadel- 
phia, Pa. 

Bogardus, Theodore S., Asst. City Engineer 

Meadville, Pa. 
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Brown, Dr. Glenn V., 312 East Main S8t., 
Mechaniesburg, Pa. 

Buck Hill Falls Co., Att.: Elliot Wells, Rep., 
Buck Hill Falls, Pa. 

Bureau of Engineering, Surveys and Zoning, 
Philadelphia City Govt., 1100 City Hall 
Annex, Philadelphia, Pa. 

Burnside, Lewis E., City Engineer, Sharon, 
Pa. 

Bush, Bernard 8., Asst. Engr., Pa. Dept. of 
Health, Kirby Health Center, Wilkes- 
Barre, Pa. 

Butler, City of, F. M. Harper, City Eng. Rep., 
Butler, Pa. 

Cameron, A. B., Room 530, Shawnee Hotel, 
Springfield, Ohio. 

Carpenter, Lewis V., New York University, 
University Heights, Box 106, New York, 
INGENG 

Chambersburg, Boro of, J. Hase Mowrey, 
Rep., Publie Utilities, Chambersburg, Pa. 

Chase, E., Sherman, Metcalf & Eddy, Statler 
Bldg., Boston, Mass. 

Chester Engineers, The J. N., Clark Building, 
Pittsburgh, Pa. 

Clausen, Frank, Sewage Plant Operator, Es- 
sington, Pa. 

Cleland, R. R., Dept. of Grounds and Build- 
ings, Penn. State College, State College, 
Pa. 

Clouser, L. H., Tennessee Valley Authority, 
Room 615, Union Bldg., Knoxville, Tenn. 
Coy, Paul F., Sewage Treatment Plant Opr., 

Meadville, Pa. 

Craig, Robert H., Consulting Engineer, 
Chamber of Commerce Bldg., Harrisburg, 
Pa. 

Crosetto, J. R., Supt., Sewage Disposal Plant, 
Wellsboro, Pa. 

Cunningham, H. L., Allentown State Hospital 
Allentown, Pa. 

Damon & Foster, Chester Pike and High St., 
Sharon Hill, Pa. 

Daniels, F. E., Chief, Industrial Waste Sec- 
tion, Penna. Dept. of Health, Harrisburg, 
Pa. 

Darby, W. A., The Dorr Company, 247 Park 
Ave., New York, N. Y. 

Dechant & Sons, W. H., Mr. F. H. Dechant, 
Rep., 632 Washington St., Reading, Pa. 
Detwiler, Paul M., Civil Engineer, 47 East 7th 

St., Lansdale, Pa. 

Diefendorf, Fred G., Supt., Erie Sewage 
Treatment Works, 346 W. Eighth St., Erie, 
Pa. 

Kastburn, W. H., Rep., The Mathieson Alkali 
Works, Ine., Widener Bldg., Philadelphia, 
Pa. 
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Eckbert, Chester A., Borough Mgr., Hanover, 
Pa. 

Edgerley, Edward, City Engineer, 343 N. 
West End Ave., Lancaster, Pa. 

Ellis College, Newton Square, Pa. 

Emerson, ©. A., Jr., 96 North Walnut St., 
East Orange, N. J. 

Emigh, William C., Coatesville, Pa. 

Eppley, Robert G., Chemist, Lancaster Sew- 
age and Disposal Plant, 430 E. Orange St., 
Lancaster, Pa. 

Evans, David A., 305 American Cas. Build- 
ing, Reading, Pa. 

Fales, Almon L., ¢/o Metcalf & Eddy, Stat- 
ler Bldg., Boston, Mass. 

Fleming, M. C., Engineer, Hardinge Company, 
Ine., York, Pa. 

Freeburn, H. M., Suite 303, Keystone Bldg., 
Broad and Vine Sts., Philadelphia, Pa. 

Friel, F. S., ¢/o Chester E. Albright, 246 
South 15th St., Philadelphia, Pa. 

Gascoigne, Geo. B., 1140 Leader Building, 
Cleveland, Ohio. 

Gidley, H. K., 805 South Broadway, Hastings, 
Mich. 

Gill, Paul, 725 Chestnut St., Indiana, Pa. 

Glace, I. M., 22 S. 22nd St., Harrisburg, Pa. 

Goff, William A., Remnigton, Vosbury & Goff, 
509 Cooper St., Camden, N. J. 

Goodell, Joseph E., Old City Hall, Pennsyl- 
vania Square, Lancaster, Pa. 

Gorman, R. C., Dist. Engineer, 135 Wilkes- 
Sarre St., Maston, Pa. 

Grace, C. F., Sewage Treatment Plant Opera- 
tor, Polk State School, Polk, Pa. 

Grossart, L. J. H., 816 Chew St., Allentown, 
Pas 

Haddoek, Fred. R., Chief Engineer, Roberts 
Filter Manufacturing Co., Darby, Pa. 

Hartzell, E. F., Supt., Palmerton Disposal 
Co., Palmerton, Pa. 

Harvey, J. R., Pa. Dept. of Health, 609 Trust 
Bldg., Meadville, Pa. 

Haverford Township, Att.: A. C. Williams, 
Township Engr., Upper Darby Post Office, 
Oakmont, Pa. 

Hedgepeth, L. L., Research Chemist, Pa. Salt 
Manufacturing Co., 1000 Widener Building, 
Phila., Pa. 

Herr, H. N., 114 Java Ave., Hershey, Pa. 

Hill, Theo. C., Hill & Hill, Engineers, North 
East, Pa. 

Hoffert, J. R., Penna. Dept. of Health, Har- 
risburg, Pa. 

Hutton, H. 8., Wallace & Tiernan Co., Inc., 
Newark, N. J. 














Imbt, M. Russell, Sales Engineer, Strouds- 
burg Septic Tank Co., 312 Main St., 
Stroudsburg, Pa. 

Jefferis & Weiler, Consulting Engineers, 322 
W. Market St., West Chester, Pa. 

Johnson, Earle P., Dist. Mgr., Wallace & 
Tiernan Co., Inc., 233 Oliver Ave., Pitts- 
burgh, Pa. 

Johnson, H. B., Asst. Sewer Supt., Media, Pa. 
Johnson, Russell L., Sanitary Engr., Branch 
County Health Dept., Coldwater, Mich. 
Jones, Everett M., Sales Engineer, 26 W. 

Pamona St., Phila., Pa. 

Jones, Millard E., Penn. Dept. of Health, 
North Hills, Pa. 

Kappe, 8. E., 303 Keystone Bldg., Broad and 
Vine Sts., Phila., Pa. 

Kell, Ralph L., City Engineer, Lancaster, Pa. 

Kelsey, Walter, Lord & Burnham Co., Ir 
vington-on-Hudson, N. Y. 

Kinsel, H. L., 333 Elmwood Ave., Buffalo, 
ae. 

Knowles, Inc., Morris, 507 Westinghouse 
Bldg., Pittsburgh, Pa. 

Krumm, Harry J., City Chemist, Jefferson & 
Lawrence, Allentown, Pa. 

Langford, L. L., Eastern Sales Mgr., Pacific 
Flush-Tank Co., 441 Lexington Ave., New 
York, N. Y. 

Lasseter, Franklin P., Mellon Institute, Pitts- 
burgh, Pa. 

Laurelton State Village, C. M. Showalter, 
Rep., Laurelton, Pa. 

Lehigh University, Att.: Prof. Harry G. 
Payrow, Rep., Dept. of Civil Engineering, 
Bethlehem, Pa. 

Leithiser, Elmer, Capt., Deputy Warden, New 
Eastern State Penitentiary, Graterford, Pa. 

Link-Belt Company, M. B. Tark, Rep., Phila- 
delphia, Pa. 

Lock, Harry, Supt. Manwalamink Water Co., 
Shawnee-on-Deiaware, Pa. 

Long, George S., Designing Enginecr, R. F. 
D. 2, Barberton, Ohio. 

Lower Merion Township, W. E. Rosengarten, 
Rep., 75 East Lancaster Ave., Ardmore, Pa. 

Lutz, Howland C., Field Asst., Pa. Dept. of 
Health, Glen Rock, Pa. 

MeAdoo & Allen Welting Co., South Heller 
town Ave., Quakertown, Pa. 

Mark, Richard S., Pa. Dept. of Health, 28 
East Third St., Williamsport, Pa. 

Matter, L. D., Dist. Eng., Pa. Dept. of 
Health, Kirby Health Center, Wilkes- 
Barre, Pa. 

Mebus, Chas. F., 112 S. Easton Rd., Glen- 

side, Pa. 
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Menantico Sand & Gravel Co., P. O. Box 65, 
Millville, N. J. 

Merkel, Paul P., Chemist, City of Reading, 
City Hall, Reading, Pa. 

Miller, Paul E., Asst. City Chemist, City Lab- 
oratory, Allentown, Pa. 

Miller, Roy, Treatment Plant Operator, 1640 
Lincoln Ave., Northampton, Pa. 

Milligan, Francis B., 2314 Walnut St., Camp 
Hill, Pa. 

Molitor, Paul, Sr., Supt. Madison-Chatham 
Plant, Chatham, N. J. 

Monroe, Lowell W., Borough Mgr., Borough 
of Ellwood City, Ellwood City, Pa. 

Moore, George W., Sanitary Engineer, Cyn- 
wood Ave., Broomall, Pa. 

Moses, H. E., 1421 North Front St., Harris- 
burg, Pa. 

Mowry, Robert B., District Mgr., Wallace & 
Tiernan Co., Ine., 1505 Race St., Philadel- 
phia, Pa. 

Mulvihill, F. J., 1400 N. Second St., Harris- 
burg, Pa. 

O’Donnell, R., 119 S. Atherton St., State Col 
lege, Pa. 

Olewiler, Grant M., Asst. Supt. of Health and 
Drainage, 75 East Laneaster Ave., Ard 
more, Pa. 

Oliver United Filters, Ine., Ward H. Pitkin, 
Rep., 33 West 42nd St., New York, N. Y. 

Palmer, I. Charles, City-County Bldg., Pitts 
burgh, Pa. 

Pecker, Joseph S., Consulting Engineer, 900 
Victory Bldg., 1011 Chestnut St., Phila., 
Pa. 

Phillips, Arthur H., 804 Old Wyomissing Rd., 
Reading, Pa. 

Phillips, Roy L., Meadville, Pa. 

Reuning, Howard T., Engineering Depart- 
ment, Elk Tanning Co., 330 Allenhurst 
Ave., Ridgway, Pa. 

Reuter, Bartley €., Phila. Board of Educa 
tion, 21st and Parkway, Philadelphia, Pa. 

Rice, John M., Cons. Engr., 2502 Grant Bldg., 
Pittsburgh, Pa. 

Roberts, J. W., President, Roberts Filter 
Manufacturing Co., Darby, Pa. 

Roetman, EF. T., Chief Engineer, Tygart Val 
ley Homesteads, Inc., Elkins, W. Va. 

Rogers, D. Paul, Senior Chemist, State Dept. 
of Health, Harrisburg, Pa. 

Rogers, H. L., Sewage Treatment Plant Op 
erator, City of Easton, City Hall, Easton, 
Pa. 

Rutter, Lee D., Supt. of Sewers, City Hall, 
Lebanon, Pa. 

Schaut, George G., 1308 W. Ontario St., 

Phila., Pa. 
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Searighit, Geo. P.., 
Pa. 

Shaw, George H., 450 Longfellow St., N.W., 
Washington, D. C. 

Siebert, 
Water Board, Pa. 
burg, Pa. 

Snelsire, William, Rep., Pa. Salt Mfg. Co., 
641 Union Trust Bldg., Pittsburgh, Pa. 

South Coatesville, Borough of, Att.: Mr. 
Howard G, Allen, Rep., S. Coatesville, Pa. 

Stevenson, W. L., Chief Engr., Penna. Dept. 
of Health, Harrisburg, Pa. 

Stewart, H. M., 35th and Allegheny Ave., 
Philadelphia, Pa. 

Swinehart, Eugene B., Chief Operator, Potts- 
town Boro Sewage Disp. Plant, 1133 South 
St., Pottstown, Pa. 

Taylor, Henry W., Cons. Engineer, 11 Park 
Place, New York, N. Y. 

Tebo, Frank A., Pa. State College, 908 W. 
Beaver St., State College, Pa. 
Turner, Homer G., Director of Research for 
Anthracite Institute School of Mineral In- 
State College, State College, 


Borough Manager, Carlisle, 


Christian L., Engineer, Sanitary 


Dept. of Health, Harris- 


dustries, Pa. 
Pa. 
Tygert, C. B., Rep., Wallace & Tiernan Co., 
Ine., 208 Jackson Ave., Rutherford, N. J. 
Umbenhauer, E. J., P. O. Box 794, Laredo, 
Texas. 
Wagner, Edwin B., Downingtown, Pa. 
Wagner, Raymond F., 1031 E. Chestnut St., 


Sunbury, Pa. 
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Walker, Elton D., 704 MekKee St., State Col- 
lege, Pa. 

Warren State Hospital, H. A. Otterson, Rep., 
Warren, Pa. 

Watts, M. R., Sanitary Water Board, Pa. 
Dept. of Health, c/o Pa. Water Co., Wil- 
kinsburg, Pa. 

Welsford, H. R., Bureau of Water, Belmont 
Filter Plant, Phila., Pa. 

Wertz, C. F., 242 South Sixth St., Reading, 
Pa. 

Whitcomb, Leon R., Pardee Manufacturing 
Co., 2401 Chestnut St., Phila., Pa. 

White Haven Sanatorium, Att.: Mr. R. A. 
Dodson, Rep., White Haven, Pa. 

Wickerham, Philip S., Consult. 
Second St., Portsmouth, Ohio. 

Williams, James C., Operator, Sewage Treat- 
ment Plant, Danville State Hospital, Dan- 
ville, Pa. 


ang., 1109 


Williamson Free School, Williamson Sehool, 
Delaware County, Pa. 

Wilson, E. M., Pa. Salt Manufacturing Co., 
1000 Widener Bldg., Philadelphia, Pa. 

Yerkes, Milton R., Engineer, Radnor Town- 
ship, Wayne, Pa. 

Yingst, Clifford, Sixth and Oak Sts., Lebanon, 
Pa. 

Young, C. H., Dist. 
Health, 608-09 
Bldg., Meadville, Pa. 


Pa: 


County 


Dept. of 
Trust 


Engr., 
Crawford 


Sewage Division, Texas Section, S. W. W. A. 


Mr. V. M. Ehlers, Secretary, State Department of Health, Austin, Texas 
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